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COMPOSITIONS CONTAINING INCLUSION COMPLEXES 

Field of the Inyeatkm 

The invui ion rek i lods used to delivea 

5 therapeutic agents. More particularly, the invention relates to a composition 
containing a polymer, a therapeutic agent, and a complexing agent where the 
.polymer interacts with the complexing agent in a host-guest or a guest-host 
interaction to form an inclusion complex. A composition of the invention may 
be used to deliver a therapeutic agent in the treatment of various disorders. 

10 

Background of the Invention 

Cyc1ode\tuns a e 
D(+)-giucopyranose units in an <*.-(! ,4} linkage. The most common 

' 1 ns are al it idextrins, \ t i n 

15 (y)-cyclodextrins which contain, respectively, six, seven or eight glueopyranose 
units. Struetnraily, the cyclic nature of a cyclodextrin forms a torus or 
don.ut-h.ke shape having art inner apolar or hydrophobic cavity, the secondary 
hydroxyl groups situated on one side of the cyclodextrin torus and the primary 
hydroxy! groups situated on the others Thiis> using {^-cyclodextrin as an 

20 example, a cyclodextrin is often represented schematically as follows; 



T he side on which the secondary hydroxyl groups are located has a wider 
diameter than the side on which the primary hydroxy! groups are located. The 
hydrophobic nature of the cyctodextrin inner cavity allows for the inclusion of a 
variety of compounds. (Comprehensive Supramolecular Chemistry, Volume 3, 
5 J.L. Atwood el al., eds., Pergamon Press f 1 996); T. Cserhaft, Analytical 




Biochemist^ 225 328-332 (1 99: , Httsain et al , ,*/>/>//<?</ A>e«m S cc>/?j , 
46:652-658 (1992); PR 2 66S 169). 

Cyclodextrtns have been used ts a deli' er\ vehicle of various 
therapeutic compounds by forming inclusion complexes with various drugs that 
5 can fit into the hydrophobic cavity of the cyclodextrin or by forming 

non-covalent association complexes with oilier biologically active molecules 
such as oligonucleotides and derivatives thereof. For example, U.S. Patent 
4,727,064 describes pharmaceutical preparations consisting of a drug with 
substantially low wafer solubility and an amorphous, water-soluble 

1 0 cyelodexirm-based mixture. The drug forms an inclusion complex with the 
cyclodextrins of the mixture. In U.S. Patent 5,69 1,316, a cyclodextrin cellular 
,> y s e t ,r < nu >tides is described. In ^uv,h a system, an 
oligonucleotide is noncovalently compiexed with a cyclodextrin or, 
alternatively, the oligonucleotide may be covalently bound to adamautaoe 

0 which in turn is non-covalently associated with a cyclodextrin. 

Various cyclodextrin containing polymers and methods of their 
preparation are also known in the art. (Comprehensive Supramolecular 
Chemistry* Volume % JX, Atwood et at* eds., Pergamon Press (1996)). A 
process for producing a polymer containing immobilized cyclodextrin is 

20 described in U.S. Patent 5,608,015. According to the process, a cyclodextrin 
derivative is reacted with either an acid halide monomer of an a^-unsaturated 
acid or derivative thereof or with an ^unsaturated acid or derivative thereof 
having a terminal isocyanate group or a derivative thereof. The. cyclodextrin 
derivative is obtained by reacting cyclodextrin with such compounds as 

25 carbon \ id actd anhydrides. Hie resulting polymer contains 

cyclodextrin units as side chains off a linear polymer main chain. 
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US, Patent 5,27{\08S combos am* ' ! > cyclodextrin 
polymers by either reacting polyvinyl alcohol or cellulose or derivatives thereof 
with cyclode? > i a cyclodextrin 

derivative with vinyl acetate or methyl methacrylate. Again, the resulting 
5 cyclodextrin polymer contains a cyclodextrin moiety as a pendant moiety off the 
main chain of the polymer. 

A biodegradable medicinal polymer assembly with superraolectdar 
structure is described in WO 96/09073 Al and U.S. Patent 5,855,900. The 
assembly comprises a number of drug-carrying cyclic compounds prepared by 
1 0 binding a drug to an cn or y- cyclodextrin and then stringing the 

drug/eyclodextrm compounds along a linear polymer with the biodegradable 
moieties bound to both ends of the polymer. Such an assembly is reportably 

el l.ru j '< ialion occurring in 

a disease. These assemblies are commonly referred to as "necklace-type" 
1 5 cyclodextrin polymers. 

However, there exists a need in the art for a more effective non-viral 
delivery systems exhibiting properties such as, for example, increased stability 
(e.g. under physiological conditions) and effective targeting abilities. This 
invention answers such a need. 

20 

Summary , ofthe Invention 

The invention provides a composition containing of a polymer, a 
theraj otic ent and a compiexing agent. The polymer interacts with die 
completing agent in a host-guest and/or a guest-host interaction to form an 
25 inclusion complex. A composition of the invention may be used to deliver a 
therapeutic agent and in the treatment of various disorders. Both the polymer 
and the comp!e> tng . gent may be used to introduce functionality into the 
composition. 

The invention provides a composition comprising a particulate composite 
30 of a polymer and a therapeutic agent and an inclusion complex of the polymer 
and the comp k <int gent. The polymer of the particulate composite may have 
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host functionality and fonns an inclusion complex with a guest complexity 
agent. Alternatively, at least one polymer of the particulate composite has guest 
functionality and fonns an inclusion complex with a host complexing agent- In 
another embodiment the polymer or the complexing agent may have both host 

5 and guest functionalities which form inclusion complexes. This allows multiple 
complexing agents to form inclusion complexes and thereby become associated 
with the therapeutic composition. This also allows for multiple functsonalites to 
be introduced into the therapeutic composition of the invention. 

The invention also relates to a method of preparing a therapeutic 

1 0 composition. The method combines a therapeutic agent, a polymer having host 
or guest functionality, and a complexing agent having guest or host 
functionality to form the therapeutic composition. The complexing agent forms 
an inclusion complex with the polymer. 

The invention also relates to a method of delivering a therapeutic agent-; 

15 According to the method, a therapeutically effective amount of a composition of 
the invention is administered to a mammal (e g. person or animal) in recognized 
need of the therapeutic agent. Thus, the invention provides for treatment of a 
disease using a composition of the invention to deliver an appropriate 
therapeutic agent. 



also desgnated as pCDP6. Composites having a nucleic acid and a cationie 
polymer in the particulate composite are identified as polyplexes. The brief 
25 descriptions of the figures are as follows. 

Figure L Structures of various adamantane-PEG Molecules 
Figure 2. Hydrodynamic diameter of GALA and GALA-Ad modified 
compositions, Example 30, 
30 Figure 1 Zeta Potential of GALA and GALA-Ad modified compositions, 
Example 32. 



20 




in the Figures depicting various embodiments of the invention, compound 12 is 
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Figure 4. Uptake of GALA-Ad and GALA modi lied compositions by 

BHK-21 cells, Example 31. 
Figure 5. Uptake of GALA-Ad and GALA mo< i - ! plex poiyplcx 

compositions by HUH-? cells, Example 33, 
5 Figure 6. Lueiferase transition of BHK-21 cells with p^cyctodextrin- 

1 T . i !l s I ( 

and GALA-Ad, Example 34. 
Figure 7. Toxicity of GALA and GALA-Ad modified polypiexes to BHK- 
21 cells, Example 35. 
10 Figure 8, Scheme for post-DNA-complexation pegylation by grafting, 
Example 39, 

Figure 9. Particle sizes of PEI and .1 2 particulate composites and polyplex 
polyplex compositions during post-UN A-complexation, Example 
39. 

15 Figure 10. Stabilization of polyplex compositions by pegylation, Example 
40. 

Figure 1 1 . Co-delivery of 12 polypiexes with ¥EG im -¥nC> Example 42. 

Figure 12. Structure of Lactose -12, Example 3l 

Figure 13, Transfection of 1 2 md L AC-CDP6 polypiexes to HUH-:? cells, 
20 Exampie'4.3, 

Figure 1 4. Schematic of Experimental Protocal, Example 47. 

Figure 1 5 . Particle Diameters, Example 47, 

Figure 16. DNA loss due to complex precipitation. Example 47. 

Figure 17, Inclusion Complexes to Modify 1 2/DNA Composite, Example 
25 48. 

Figure I S. Transfection of Modified Polypiexes to HepG2 cells. Example 
49. 

Figure 19. Competitive Displacement Experiments, Example- 52. 
Figure 20, Synthesis of Adamamane-PEG- Transferrin (Ad-PEG-Tf), 
30 Example 55. 

Figure 21. iron loading for transferrin, Example 55. 
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Figure 22, Binding Affinity Tnmsfemn-PEG-Ad, Example 55. 
Figure 2 Eransfeni oupiing i ne gi > , vple 5s 
Figure 24. Bmdin affinity o transfers i-PEG-AD io transferrin receptors 

on PC? ceils, Example 57. 
5 Figure 25. Zeta potential variation and particle size as a function of particle 

modification in transferrin and PEG-- modified polyplexes, 

Example 58 

Figure 26. Zeta potential measurements, Ad-anionic-PEG, Example 62. 
Figure 27. Stability Measurements, Example 62, 
10 Figure 28. Addition of increasing transferrin complexmg agent. Example 
62. 

Figure 29. Synthesis of Histidylated 12. 

Figure 30. pB-sensiuve Polymers for Endosomal Escape (Synthesis of 
secondar>' amine containing polymers), 

15 

The invention relates to a composition that, employs inclusion complexes 
to deliver therapeutic agents. Inclusion complexes are molecular compounds 
having the characteristic structure of an adduot, in which one of the compounds 

20 (host molecule) spatially encloses at least part of another. The enclosed 
compound (guest molecule) is situated in the cavity of the host molecule 
without affecting the framework structure of the host. It is a characteristic 
feature of an inclusion complex that the size and shape of the available cavity 
remain most often practically unaltered, apart from a slight deformation. A 

25 "host" may be any host compound or molecule known in the art. Examples of 
suitable "liosts" include, but are not limited to, cyclodextrins, carcerands, 
eavitands, crown ethers, cryptands, cucarbituriis, calixarenes, spherands, and the 
like. Examples of inclusion guests suitable for the eomplexing agents include 
those known in the art such as, but not limited to, adamantane, diadamantane, 

30 naphthalene, and cholesterol 

Cyclodextrins are a preferred host, able to interact with a great variety of 
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wammm fct/uso i tmto 

ok si u pecies and the k king incl on > i £ 1 I bt l » '° r to 
the class of "host- guest" compccxe* T os Tic - cab/alum of the host-guest 
relationship several requirements must be met; one of them is that the binding 
sites of the host and guest n 1 i i ' > ! i ^ m the 
5 stereoelectronie sense. Cyclodextrins are capable of foimrog inclusion 

complexes with compounds having a size compatible with the dimensions of the 
cavity. The extent of complex formation depends, however, also on the polarity 
of the guest molecule. Complex formation with molecules significantly larger 
than the cavity may also be possible m sueh a way that only certain groups or 

10 side chains penetrate into the carbohydrate channel. See J. Szejtlt, Akademiai 
Kiado, Cyclodextrins and their inclusion complexes, Budapest, 1982. 

A composition of the invention contains at least one polymer and at least 
me therapeut it, general 1 1 j ' tie composite it a 

polymer and therapeutic agent. The therapeutic composition also contains one 

3 5 or more completing agents. At least one polymer of the particulate composite 
interacts with the complexing agent in a host-guest or a guest-host interaction to 
form an inclusion complex between the polymer and the complexing agent. The 
polymer and, more particularly the complexing agent may be used to introduce 
functionality into a composition of the invention, in one embodiment, at least 

20 one polymer of the particu late composite has host func tional i ty and forms an 
inclusion complex with a complexing agent having guest functionality. In 
another embodiment, at least one polymer of the particulate composite has guest 
functionality and forms an inclusion complex with a complexing agent having 
host functionality. In a further embodiment a polymer of the particulate 

25 composite may contain both host and guest functionalities and form inclusion 
complexes with guest complexing agents and host complexing agents. 

1. The Partic ulate Composite 

A particulate composite of a therapeutic agent and a polymer is a 
30 combination or integration of a therapeutic agent and a polymer. The 
particulate composite is an associated structure comprising one or more 
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therap . dti-dimenst< p ner netwoj \ sing! 

polymer or a mixture of polymers may be used. In addition to being capable of 
forming the mul i po t< j t 

least one. polymer of (he composite, as discussed below, carries host and/or 
5 guest functionality capable of forming inclusion complexes with one or more 
coraplexing agents. 

A. Ihe Polymer 

Any type of polymer capable of forming a particulate composite with a 
therapeutic agent and having host and/or guest functionality may be used in the 

1 0 composition of the invention. The polymer may be a linear or branched 
polymer. The polymer may he a homopolymer or a co-polymer. If a co- 
polymer is used, the co-polymer may be a random copolymer or a branched co- 
polymer. Preferably the polymer is water-dispersib'fe and more preferably water 
soluble. For example, suitable polymers include, but are not limited to 

1 1 polysaccharides, polyesters, polyamides, polyethers, polycarbonates, 
polyaerylates, etc. For therapeutic pharmaceutical uses, the polymer should 
have a low toxicity profile and preferably are not toxic or eyctotoxie, As 
discussed below, a prefered polymer for use in a composition of the invention is 
a cyciodextrimbased polymer. Water soluble linear cyeiodextrm copolymers, 

20 described below, having molecular weights in the range of 3,000 (o 100,000 are 
preferred and those having molecular weights of 3,000 to 50,000 are particularly 
preferred. 

According to the invention, the polymer in (he particulate composite 
may be a single polymer or as a mixture of two or more polymers, which may 
25 be the same or different polymers. Each polymer of the particulate composite 
may further contain or may hi . i > linking group 

through which association of the polymers to form the particulate composite 
may be achieved. 

At least one polymer of ihe particulate composite is a polymer capable 
30 of forming an inclusion complex. A : %oiymer capable of inclusion complex 
formation*' may be any polymer capable of one or more host-guest associations 
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via nonbonding interactions {e.g. van der Waals forces, hydrogen bonding, 
dipole-dipole interactions, ion-paring, soluophohic interactions, etc.) with 
another compound (the complexing agent) or substitoent on a compound. In 
other words, at least one polymer has host or guest functionality to form an 

5 inclusion complex with a complexing agent or a substituent on the complexing 
agent. The host or guest functionality may be part of the polymer backbone or 
may be present as a substituent or in a pendant or branched chain. An example 
of a polymer having host functionality in the polymer backbone is a linear 
cyclodextrin polymer a$ described below. An example of a polymer having 

1 0 guest funct ional tiy not as part of the polymer backbone would be a polymer 
having pendant adamajotane groups. Other examples of suitable "hosts" which 
may be employed with the polymer include, but are not limited to, carceronds, 
cavitands, crown ethers, cryptaods, cueurbiturils, calixarcnes, spherands and the 
like. Examples of inclusion guests suitable for such hosts include those known 

1 5 in the art such as, but not limited to, adamantane, diadamantane, naphthalene, 
and cholesterol 

In a .proffered embodiment, a polymer may contain different types of host 
or guest functionalities or die poller may contain both host and guest 
functionality. This allows even greater flexibility for different inclusion 

20 complexes to be formed on a. given polymer, Having multiple host, multiple 
guest, or both host and guest functionalities on the same polymer increases the 
variety of functionality which may introduced into a therapeutic composition of 
the invention via the inclusion complex. 

As a result of the host-guest association, the polymer interacts with the 

25 complexing agent to form an inclusion complex. Preferably, as a result of the 
nonbondmg interaction or association, the resulting inclusion complex exhibits 
binding constants of about >W, preferably, about >10\ and more preferably, 
about >\0\ Typically, binding constants will range .from about lOMG*. 

A polymer of the particulate composite may be modified with one or more 

30 ligands. The ligand may be introduced upon or after formation of the 

particulate composite via ligand modification of the therapeutic agent and/or the 
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polymer of the particulate composite. The ligaod may be any Ligand that allows 
for targeting and/or binding to a desired ceil. As would be understood by one of 
skill in the art, targeting and binding to a eeli may include cell receptor 
attachment which in turn may lead to receptor mediated endocytosis. If two or 
5 more ligands are attached, the ligands may be the same or different. .Examples 
of suitable ligands include, but are not limited to, vitamins {e.g. folic acid), 
proteins {e.g. transferrin, and monoclonal antibodies), monosaccharides (e.g. 
galactose), peptides, and polysaccharides. The choice ofiigand, as one of 
ordinary skill appreciates, may vary depending upon the typo of delivery 
1 0 desired. As another example, the ligaod may be membrane permeabilteing or 
membrane permeable agent such as the TAT protein from HIV-1 . The TAT 
protein is a viral transcriptional activation that is actively imported into the ceil 
nucleous. Torchitin, V.P. edit, PNAS. 98, 8786-8791, (2001). 

In a preferred embodiment of the invention, at least one of the polymers 
15 of the particulate composite is a substantially linear polymer having host and/or 
guest functionality capable of forming an inclusion complex. A substantially 
linear polymer may be prepared by any means known m the art. The' polymer 
may be prepared torn a suitable monomer capable of inclusion complex 
formation or a mixture of monomers of which at least one has host or guest 
20 functionality. The host or guest functionality may be within the polymer chain, 
pendant (or branched) to the polymer chain, or present as an end-group. 
Alternatively, after the polymer is formed, it may be further modified to add 
host and/or guest funtionality, as discussed above, to form a substantially linear 
polymer capable of inclusion complex formation. The substantially linear 
25 polymer may be a block co-polymer where the blocks introduce properties such 
as host functionality, water-dispersibUfity and/or water-solubility. Examples of 
such blocks include, for example, linear poiyethyieneimine (PEI), a linear 
cyciodextrm-eootaming polymer, to(2-ammoethyl.)- 1 ,3-propanediamine 
(AEPD), and N.j > N J ,N 3 ,N r (3 , -PEG 50i>;: .aminopropane)- 
30 *is(2-aminoethyl>l ,3-propanediammoiuum dt-trifluoxoacetate (AEPD-PEG). 
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in another preferred embodiment, the polymer used to form the 
particulate composite is a cycled* xti u on lining polymer, more preferably a 

>s! j 1 u lextrin polym d belo f 

also be apoiyetf let i e (PEL) or a polymer having pendant cyclodexri 
5 A linear cyclodextrin copolymer is a polymer containing cyclodextrin moieties 
as art integral part of its polymer backbone. Polymers having pendant 
cyclodextrin moieties not a part of the main polymer chain but rather attached 
off the polymer backbone may also be used in the compositions of the 
invention. A. linear cyclodexirin-containing polymer may be any linear polymer 
10 containing at least one cyclodextrin moiety as pari of the polymer backbone. 
The cyc!o«Jextrim containing polymer is preferably water-soluble. More 
preferably, the linear cyciodextrin-oontaining polymer is a linear cyclodextrin 
■ iymer i lin di ed cyeh * s > J d si ' 

below. The cyclodextrin groups within the polymer provide host functionality 
15 to the polymer allowing it to form inclusion complexes. The substantially linear 
polymer capable of inclusion complex formation may further contain or may be 
further modified to contain an additional functional group (e.g. thiol group). 

Linear Cyclodextrin- Containing Polymers 

20 A linear cyclodextrin copolymer which can be used to form the 

particulate composite contains substituted or imsubstituted, cyclodextrin 
moieties hi functionally bound in the linear copolymer backbone, through the 
number 2, 3, or 6 position of at least on ucopyr ■ t ng of the cyclodextrin, 
to divalent moieties linking the cyciodextrins of the linear cyclodextrin 

25 polymer. As described in WO 00/01 734 such a linear cyclodextrin copolymer 
has a jpeatin unit < ulih ! bination t 1 Linea 

cyclodextin copolymers, their preparation and properties, are also described in 
Gonzalez, H., Hwang, S. and Davis, M. (1 999) New class of polymers for the 
delivery of macromoiecular therapeutics. Bioeonjugate Chem, 10, 10684074 

30 and Hwang, S., Bellocq, N. and Davis, M. (2001) Effects of Structure of Beta- 
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Cyelodextrin-Containing Polymers on Gene Deliver)'. Bioconjugate Chem, 
I 2(2), 280-290, both of which are incorporated here by reference. 



(la) 



(lb) 



In formulae la and lb. C if a substituted or unsabstituted cyciodexirm monomer 
and A is a comonomer bound, i.e. covalently bound, to cyclodextrin C. 
Polymerization of a cyclodextrin monomer C precursor with a comonomer A 
precursor results m a linear cyclodextrin copolymer. Within a single linear 
cyclodextrin copolymer, the cyclodextrin monomer C unit may be the same or 
different and, likewise, the comonomer A may be the same or different, 
A cyclodextrin monomer precursor may be any cyclodextrin or 
derivative thereof known in the art. As discussed above, a cyclodextrin is 
defined as a cyclic polysaccharide most commonly containing six to eight 
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naturally occurring ^ -) - . opyranose units in an a-{ 1,4) linkage. Preferably, 
:rit; cyclode « s ring six, ;>es en and 

sight glucose units, i.e., respectively, an alpha (a)-cyclodextrin, & beta 
(|J)-cydod.extrin and a gamma (y)-cyciodextrin. A cyclodextrin derivative may 
5 be any substituted cyclodextrin known in the art where the suhstituent does not 
interfere with copoiymerizatton with cowonomer A precursor as described 
below. A -cyclodextrin derivative may be neutral, cationic or anionic. Examples 
of suitable substituents include, but are not limited to, hydroxyalkyl groups, 
such as, for example, hydroxypropyl, hydroxyethyk ether groups, such as. for 

10 example, dihydroxypropyl ethers, methyl - hydroxyethyl ethers, 

ethyl-hydroxyethyl ethers, and sth) roxypropyl ethers; al mps, such 
as, for example, methyl; saccharides, such as, lor example, glucosyl and 
maltosyl; acid groups, such as, for example, earhoxyiic acids, phosphorous 
acids, phosphinous acids, phosphomc acids, phosphoric acids, thlophosphonic 

IS acids, and sulfonic acids; imidazole groups; sulfate groups; and protected thiol 
groups. 

A cyclodextrin monomer precursor may be further chemically modified 
(e.g. halogenated, animated) to facilitate or affect copolymerization of the 
cyclodextrin monomer precursor with a comonomer A precursor, as described 
20 below. Chemical modification of a cyclodextrin monomer precursor allows for 
polymerization at only two positions on each cyclodextrin moiety, i.a the 
creation of a bi functional cyclodextrin moiety. The numbering scheme for the 
C .1-C6 positions of each glucopyranose ring is as follows: 
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5 in a preferred embodiment, polymerization occurs at two of any C2, C3 and C6 
position, including combinations thereof, of the cyclodextrin moiety. For 
example, one cyclodextrin. monomer precursor may be polymerized at two C6 
positions while another cyclodextrin monomer precursor may be polymerized at 
a C2 and a C6 position of the cyclodextrin moiety. Using ^-cyclodextrin as an 
10 example, the lettering scheme tor the relative position of each glucopyrano.se 
ring in a cyclodextrin is as follows: 
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In formula (II), n and m represent integers which, along with the other two 
giucopyranose rings, define the total number of giucopyranose units hi the 
5 cyelodextrin monomer. Formula 01) represents a cyelodextrin monomer which 
is capable of being polymerized at two Co" positions on the cyelodextrin unit. 
Examples of cyelodextrin monomers of formula (If ) include, but are not limited 
to, 6 A ,6 B -dideoxy-a-cyclodex.trm (n=0, m«4), 6\6 c <lideoxy-a-cye1odextrin 
(rr~h 6\{) !5 <iidtx>xy-a-cyclodexirin (n-2, m.~2>, 
10 6 A ,6 S Hiideoxy-P-cyclodcxtrin (»=G, m=5), 6 ; \6 c -dideoxy.p-cyclodextria (h«l, 
m«4), (» A ,6°'dideoxy.p-cydodextTin (n~2, m=3), 6 A ,6 6 *dtdeoxy-y-eyclodextrin 
(rr :: 0, m^6), 6 A ,6 c -d!deoxy-y-cyciodextrin (n-l, m=5), 
6 A ,^dideoxy~y-cyclodextrin fn-2, rn-4), and 6 A ,6 e -dideoxy-y~c.yclodextrin 
(n-.\ m«3). 

IS In anoth< pi rred embodit 1 fa linear cyelodextrin copolymer can 

contain a ghtcose-rmg-opened cyelodextrin monomer C unit where one or mors 
of the glucopyranose rings of the cyelodextrin has been opened while 
maintaining the cyelodextrin ring system. General formula (Hi), below, depicts 
a glucopyranose-ring-opened cyelodextrin with ring opening at the C2, C3 

20 positions. 



\ / 




15 



WO 02/4W6 



PCT/IJSO 1/48620 



In formula (HI) p varies from 5-7. In ftaula (111), at least one of 
D< + )-g1ucopyranos6 units of a cyeiodextrin monomer has undergone ring 
opening to allow for polymerization at a C2 and a C3 position of the 
cyeiodextrin unit. Cyeiodextrin monomers of formula (iff) such as, for 

5 example, 2 A ! 3 A -diamino-2'\3 A -dideoxy~p-cyc}odextrin and 

2 A ,3 A HliaIdehyde-2'\3 A -dideoxy--p.-cyciodextrin are commercially available from 
Carhomer of Westborough, MA, Examples of cyeiodextrin monomers of 
formula (111) include, but are not limited to, 2 A ,3 A ~dideoxy-2\3 A -dihydro- 
ct-cyciodextrin, 2 - \3 A -dideoxy~2 A ,3 A -dihydro- p- cyeiodextrin, 

10 2'\3 A -dideoxy-2 A ) 3 A -dihydfO-Y-eyciodextrin f commonly referred to as, 

respectively, 2,3-dideoxy-a-cyclodextrin, 2,3-dideoxy-fi-cyciodextrin, and 
2,3-dideoxy-y-cyclodextrin. 

A comonomer A precursor may be any straight chain or branched, 
symmetric or asymmetric compound which upon reaction with a cyeiodextrin 

15 monomer precursor, as described above, links two cyeiodextrin monomers 
together. Preferably, a comonomer A precursor is a compound containing at 
least two cross! inking groups through which reaction and thus linkage of the 
cyeiodextrin monomers can be achieved Examples of possible crosslinking 
groups, which may be the same or different, terminal or internal, of each 

20 comonomer A precursor include, but are not limited to, amino, acid, ester, 
imidazole, and acyi hahde groups and derivatives thereof In a preferred 
embodiment, the two erosslinking groups are the same and terminal. Upon 
copolymeriaation of a comonomer A precursor with a cyeiodextrin monomer 
precursor, two cyeiodextrin monomers may be linked together by joining the 

25 primary hydroxyl side of one cyeiodextrin monomer with the primary hydroxy! 
side of another cyeiodextrin monomer, by joining the secondary hydroxyl side 
of one cyeiodextrin monomer with the secondary hydroxyl side of another 
cyeiodextrin monomer, or by joining the primary hydroxyl side of one 
cyeiodextrin monomer with the secondary hydroxy! side of another cyeiodextrin 

30 monomer. Accordingly, combinations of such linkages may exist in the final 
copolymer. 
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Both the comonomer A precursor and the comonomer A of the filial 
copolymer may be neutral, cationic (ftg. by containing prolonged groups such 
as* for example, quaternary ammonium groups) or anionic (e.g. by containing 
deprotonafed groups, such as, for example, sulfate, phosphate or carhoxylate 

5 anionic groups) . The counterfort of a charged comonomer A precursor or 
comonomer A may be any suitable counteranion or countercation (e.g. the 
counterfoil of a cationic comonomer A precursor or comonomer A may he a 
haiide (e.g chloride) anion). The charge of comonomer A of the copolymer may- 
be adjusted by adjusting pH conditions. 

J O Examples of suitable comonomer A precursors include, but are not 

limited to, cystamine, US-dmnvinohexane, dnraidazole, dithioimidazole, 
spermine, dimiospenmne, dihistidine, dithiohistidine, succmknide (e,g 
dithiobis(succioimidyI propionate) (DSP) and disuccinimidyi suberate (DSS)) f 
and smidates (e.g. dimethyl 33'-dtthiohispropion-imidate (DTBP)). 

15 Copolymerization of a comonomer A precursor with a cyelodextrin monomer 
precursor leads to the formation of a linear cyelodextrm copolymer containing 
comonomer A linkages of the following general formulae: 
-HNC(O)(CH J hC(0)NH. s -HNC{O)(Ce^SS{CH 2 ) x C(0)NH- J 
-^H.NCCHjKSSCCHJW^-HNCCOKCH.CHpXCHaCHAO)^., 

20 »NWrC(0)(CH 2 CH,0) x CH s CHX(0}NHN-, 
.%NCH 2 (CH : CH,0) s CH,CH 3 CH,NH 2 --, 
-HNC(OXCH 2 CH ? 0) x CH j a^SS(CH 2 CHP) x CH 2 CH 2 C(0).Nrf-, 
4rHC(NH 2 l(CH 2 CH 2 0;hCH 2 CH 2 C(Mi/)NH^ 

-sch,ch ? nhc(nh;){CH,), ) cinh;)nhch 2 ch 2 s^ 

25 -SCH S CH 3 NHC{NH 3 + ){CH 2 ),SS(CH,) X C(NH 2 < - >NMCH 2 CH 2 S-, 

-SCH 2 CH 2 NHC(NH 2 < )C11 2 CH 2 (OCH. 3 CH 2 ) x C(NH;)NHCH 2 CH 2 S-- 5 



I? 



-riNC{OM;CH : (:H a o)/pcH 2 oy:H,cii^:!0)N}?~ 



^HC(0)(CH 2 CH 2 0) y (^iCH,O^CH 2 CH 2 C{0)NH.. 



..NHC(OXCH 2 CH 2 0) y (^tCH20) J! CH2CH2aO)NH- 



S0 3 H 



IS 



.NHC{O)(CH 2 CHpyCHCH 2 0) z CH 2 CH 2 C(0)]NH. 

o 
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XCHjCHjO^C^CHj-^v 

N 



| [ ^—(CHjCH^CHaCHjSSCCHjCHP^CHj <^ |J 



-: fi>Ku !! 



. +H ^<GH 2 }, ^N- {eB 2 ) x SS{CB 2 }; <CH^NH a *- 



SCH 2 CHj T—-N <C%CH 2 0)/:H,CH 2 -N-~~r CH 2 CH 2 ! 



In the above formulae, x - 1-50. and y+z - x. Preferably, x - i -30. More 
preferably. 
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x = 1-20. Inaprefcrru. ibodin nt co i oom r A i tfains a biodegradable 
linkage $ disi ie link Comon rner A may also inciu > 

contain in ct m ty such as esiers and other such acid >i rjoups known 
to those skilled in the art, 
5 In another preferred embodiment, the comonomer A precursor and hence 

the comonomer A may be selectively chosen in order to achieve a desired 
application. For example, to deliver small molecule therapeutic agents, a 
charged polymer may not be necessary and the comonomer A may be or contain 
a hydrophilic group such as a polyethylene glycol group further enhancing 

10 water sol ubilib For polypeptide I it such as DNA or proteins, 

the comonomer A preferably carries a catiomc charge increasing the ability of 
the linear cyclodextrin copolymer to form a paniculate composite with the 
polypeptide therapeutic agent, It is also understood that a linear cvclodextrin 
copolymer may contain a mixture of comonomer A groups. 

15 A linear cyclodextrin copolymer may be prepared by copolymerizing a 

cyclodextrin monomer precursor ^substituted with an appropriate leaving 
group with a comonomer A precursor capable of displacing the leaving groups. 
The leaving group, which may be the same or different, may be any leaving 
group known in the art which may be displaced upon copolymerizatioa with a 

20 comonomer A precursor. 

A linear cyclodextrin copolymer may be prepared by iodinating a 
cyclodextrin monomer precursor to form a diiodinated cyclodextrin monomer 
precursor and copolymer! ingti hnal I cyclodextrin monomer precursor 
with a comonomer A precursor to form a linear cyclodextrin copolymer having 

25 a repeating unit of formula la, lb, or a combination thereof each as described 
above. 

Another method of preparing a linear cyclodextrin iodinates a 
cyclodextrin monomer precursor as described above to form a diiodinated 
cyclodextrin monomer precursor of formula IVa, IVb, IVc or a mixture thereof: 
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5 




(IVb) 



10 

The diiodinated cyciodextrin may be prepared- by any means known in the art 
(see, e.g., Tabushi et al J. Am, Chem. 106, 5257-5270 (1984); Tabushi et al J, 
Jm, Chem, 106, 4580-4584 (1984)). For example, p-eyciodextrm may be 
reacted with biphenyl-4,4'-disulfonyI chloride In the presence of anhydrous 

15 pyridi ne to .form a biphettyl-4#-disulibnyl chloride capped p-cyclodextrin 
which may then be reacted with potassium iodide to produce 
diiodo~j$-cydodextrm. The cyciodextrin monomer precursor is iodinated at 
only two positions. By copolymerizmg the diiodinated cyciodextrin monomer 
precursor with a comonomer A precursor, as described above, a linear 

20 cyciodextrin polymer having a repeating unit of formula la, lb, or a combination 
thereof also as described above, may be prepared, If appropriate, the iodine or 
iodo groups may be replaced with other known leaving groups. 

The iodo groups or othei appro] leavi rou] c 1 vUevd with 
a group that permits reaction with a comonomer A precursor, as described 

25 above. For example, a diiodinated cyciodextrin monomer precursor of formula 
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l\ LVb, IVc mi 1 >i b« nated to fi t diamin 
cyciodextrin monomer precursor of formula Va, Vb, Vc or a mixture thereof: 



H 2 N 

m \ i (vb) 



NH 2 5 



(Vc) 



The diaminated cyciodextrin monomer precursor may be prepared by any means 
known in the art (see, e.g. , Tabushi et ai. Tetrahedron Lett. 18:1 527-1 530 
(1977); Mimgaii et al, J. Org. Chem. 1659-1 662 (1975)). For example, a 
diiodo-p-cyciodextrin may be reacted with sodium azide and then reduced to 
form a diaramod3-cyelodextrm. The cyciodextrin monomer precursor is 
animated at only two positions. The diaminated cyciodextrin monomer 
precursor may then he copolymerized with a comonomer A precursor, as 
described above, to produce a linear cyciodextrin copolymer having a repeating 
unit of formula 'fa, lb or a t n tath the; t o as described abo 
However, the amino functionality of a diaminated cyciodextrin monomer 
precursor need not be directly attached to the cyciodextrin moiety. 
Alternatively, the amino functionality may be introduced by displacement of the 
iodo or other appropriate leaving groups of a cyciodextrin monomer precursor 
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form a di&minated cyclodextrin monomer precursor of formula Vd, Ve, Vf, Vg 5 
Vh and Vi or a mixture thereof: 



NH 2 



(Vd) 



(Ve) 



H 2 N NH 2 
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A linear cys c i <>',<< >i o he prepared bv reducing a linear 
10 oxidszed < < < iodextrin copolymer, as described below. This method may be 
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performed as long as the comonomer A does not contain a reducible moiety or 
group such as, for example, a disulfide linkage. 

\ i nc « c ode tri.n < polyn 21 n > b< oxidized as to introduce a! 
least one oxidized eyclodexirin monomer into the copolymer such that the 
5 oxidized cyclodextrin monomer is art integral part of the polymer backbone, A 
linear cyclodextrin copolymer which contains at least one oxidized cyclodextrin 
monomer is defined as a linear oxidized cyclodextrin copolymer. A linear 
oxidized cyclodextrin , then, has substituted or unsubstituted, cyclodextrin 
moieties bifonctionally bound in the linear copolymer backbone, through the 

10 number 2, 3, or 6 position of at least one glucopyrauose ring of the cyclodextrin , 
to Afunctional mo i ei tes,comomner A moieites, ) inking the cyclodextrins of the 
linear cyclodextrin polymer and wherein a giucopyranose ring of a cyclodextrin 
moiety is oxidized, The cyclodextrin monomer may be oxidized on either the 
secondary or primary hydroxy! side of the cyclodextrin moiety, if more than 

1 5 one oxidized cyclodextri n monomer is present in a linear oxidized cyclodextrin 
copolymer, the same or different cyclodextrin monomers oxidized on either the 
primary hydroxy! side, the secondary hydroxy! side, or both may be present. 
For illustration purposes, a linear oxidized cyclodextrin copolymer with 
oxidized secondary hydroxy! groups has, for example, at least one "-unit of 

20 formula Via or VI h 




(Via) 
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(Vlb) 



5 In formulae Via and Vlb, C is a substituted or ^substituted oxidized 

cyclodextrin monomer and A is a comonomer bound, i.e. eovalently bound, to 
the ox idized cyclodextrin C, Also in formulae Via and Vlb, oxidation of the 
secondary hydroxy! groups leads to ring opening of the cyeiodextrin moiety and 
the formation of aldehyde groups. 

: 10 A l inear oxidized cyclodextrin copolymer may be prepared by oxidation of 

a linear cyeiodextrin copolymer as d iscussed above. Oxidation of a linear 
cyeiodextrin copolymer may be accomplished by oxidation techniques known 
in the art. (Hisamatsu si &l. Starch 44:188-191 (1992)), Preferably, an oxidant 
such as, for example, sodium periodate is used, it would be understood by one 

15 of ordinary skill in the art that under standard oxidation conditions that the 
degree of oxidation may vary or be varied per copolymer. Thus in one 
embodiment, a linear- oxidized copolymer may contain one oxidized 
cyeiodextrin monomer. In another embodiment, substantially all to all 
cyclodextrin monomers of the copolymer would he oxidized. 

20 Another method of preparing a linear oxidized cyclodextrin copolymer 

involves the oxidation of a diiodinated or diaminated cyclodextrin monomer 
precursor, as described above, to form an oxidized diiodinated or diaminated 
cyclodextrin monomer precursor and copolymers zation of the oxidized 
diiodinated or diaminated cyclodextrin monomer precursor with' a comonomer 

25 A precursor. In a preferred embodiment, an oxidized diiodinated cyclodextrin 
monomer precursor of formula Vila, Vllb, Vile, or a mixture thereof: 



27 



WO 02/4W6 



PCT/IJSO 1/48620 





An oxidized eyclodextrm monomer may be prepared by oxidation of a 
diiodinated eyclodextrm monomer precursor of formulae IVa» 3Vb, IVc, or a 
1 5 mixture thereof, as described above. In another embodiment, an oxidized 

diatmaated eyclodextrm monomer precursor of formula Villa, Vllib, Vttlc or a 
mixture thereof 




(Vllib) 



H 2 N NH 2 

20 
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5 




(Vlllc) 



H 2 N 

may be prepared by animation of an oxid ized driodinated cyelodextrso monomer 
precursor of formulae Vila, VHb, Vile, or a mixture thereof, as described above. 

10 

In still another embodiment, an ox i I <■'<: lodexti m 

monomer precursor of formula IXa, IXb, I.Xc, IXd, SXe, IXf, or a mixture 
thereof 
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may be prepared by displacement of the iodo or other appropriate leaving 
5 groups of an oxidized cyclodextrin monomer precursor disubstituied with an 
iodo or other appropriate leaving group with the amino group containing moiety 
SCH 2 CH 2 NH 3 . 

Alternatively, an oxidized diiodmated, dicarboxyiic acid»or diaroinated 
cyclodextrin monomer precursor, as described above, may be prepared by 
10 oxidizing a cyclodextrin monomer precursor to form an oxidized cyclodextrin 
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monomer precursor and then diiodmat'mg and/or diaminating the oxidised 
cyelodextrin m >nonK ' as d< : - • ibed above. The amine groups of any 
dsaminatec oxidi cyclodextrn nay be in the! protected form to 

avoid unwanted side reactions. As < vrm moiety 

5 max b \ ith othet !ea\ ipg groups other than iodo groups and other 

amino group containing functionalities. The oxidized diiodinated or diaminated 
cyelodextrin monomer precursor may then be copolymerized with a eomonomer 
A precursor to fonn a linear oxidized cyelodextrin copolymer. 

A linear cyelodextri n copolymer or a linear oxidized cyelodextrin 

10 copolymer terminates with at least one eomonomer A precursor or hydr0.ly5r.ed 
product of the eomonomer A precursor. As a result of termination of the 
cyelodextrin copolymer with at least one eomonomer A precursor, a free 
derivatizing group, as described above, exists per linear cyelodextrin copolymer 
or per linear oxidized cyelodextrin copolymer. For example, the derivatizing 

1 5 group may be an acid group or a derivatizing group that may be hydrolyzed to 
an acid group. According to the invention, the derivatizing group may be 
further chemically modified as desired to enhance the properties of the 
cyelodextrin copolymer, such as, lor example, colloidal stability and 
transfeetion efficiency. For example, the derivatizing group may be modified 

20 by reaction with PEG to form a PEG terminated cyelodextrin copolymer to 
enhance colloidal stability or with histidine or imidazole acetic acid to form an 
imidazolyl terminated cyelodextrin copolymer to enhance intracellular (e.g. 
endosomal release) and transfeetion efficiency. See Figures 29 and 30. 
Further chemistry may be performed on the cyelodextrin copolymer 

25 through the modified derivatizing group. For example, the modified 

derivatizing group may be used to extend a polymer chain by linking a linear 
cyelodextrin copolymer or linear oxidized cyelodextrin copolymer to the same 
or different cyelodextrin copolymer or to a nou-cyclodextrin polymer. The 
polymer to be added on may be the same or different linear cyelodextrin 

30 copolymer or linear oxidized < , c! (dextrin copolymer which may also terminate 
with a eomonomer A precursor for further modification. 
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Alternatively, at least two of the same or different linear cyciodextrin 
copolymers or linear oxidized cyclodexirm copolymers containing a terminal 
derivatizing group or a terminal modified derivatizing group, as described 
above, may be reacted and linked together through the functional or modified 
5 derivatizing group, Preferably, upon reaction of the functional or modified 
derivatizing groups, a degradable moiety such as, for example, a disulfide 
linkage is formed. For example, modification of She terminal derivatizing group 
with cysteine may be used to produce a linear cyciodextrin copolymer or linear 
oxidized cyciodextrin copolymer having a free thiol group. Reaction with the 

10 same or different cyciodextrin copolymer also containing a free thiol group will 
form a disulfide linkage between the two copolymers, The functional or 
modified derivatizing groups may be selected to offer linkages exhibiting 
different rates of degradation {e.g. via enzymatic degradation) and thereby 
provide, i f desired, a time release, system for a therapeutic agent. The resulting 

1 5 polymer may be cross! inked, as described herein, A therapeutic agent, as 

described herein , may be added prior to or post crosslinking of the polymer, A 
ligand may also be bound to the cyciodextrin copolymer through the modified 
derivatizing group. For example, a linear cyciodextrin copolymer or linear 
oxidized cyciodextrin copolymer may be modified with a ligand attached to die 

20 cyciodextrin copolymer. The ligand may be attached to the cyciodextrin 

copolymer through the cyciodextrin monomer C orcomonomer A. Preferably, 
the ligand is attached to a cyciodextrin moiety of the cyciodextrin copolymer. 
See WO' 00/01 734, incorporated here by reference. 

Branched Cycfodextmt-Cofttmnmg Polymers 

25 The polymer of the particulate composite having host an&'or guest 

functionality may also be a substantially branched polymer such as, for 
example, branched poiyethyleneimine (PE1) or a branched cyciodextrin- 
containing polymer, preferably, a branched cyciodextrin- containing polymer. A 
branched cyclodextrin-containing polymer may be any water-soluble branched 

30 polymer containing at least one cyciodextrin moiety which may he a part of the 
polymer backbone and/or pendant from the polymer backbone. A branched 
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cyclodextri.n-contauii.ng polymer is a branched cyclodextrin copolymer or a 
branched ox - - extrin copolymer A branched cyclodextrin 
copolymer or a brand doxi dc> t extrin >polymer is. resp vc i 
linear cyclodextrin copolymer or a linear oxidized cyclodextrin copolymer, as 
5 described above, from which a subordinate chain is branched. The branching 
subordinate chain may be any saturated or unsaturated, linear or branched 
hydrocarbon chain. The branching subordinate chain may further contain 
various derivatizing groups or substituents such as, for example, hydroxy!, 
amino, acid, ester, amido, keto, fonnyl, and nitro groups. The branching 

i 0 subordinate chain may also contain a cyclodextrin or other host or guest 

functional moiety. The branching subordinate chain may also be modified with 
a ligand. Such ligand modification includes, but is not limited to, attachment of 
a Jigand to a cyclodextrin moiety in the branching subordinate chain. 

Preferably, the branched cyclodextrin -com ami ng polymer is a branched 

15 cyclodextrin copolymer or a branched oxidized cyclodextrin copolymer of 
which the branching subordinate chain contains a cyclodextrin moiety, if the 
branching subordinate chain contains a cyclodextrin moiety, the cyclodextrin 
moiety may facilitate inclusion complex formation as well as encapsulation of a 
therapeutic agent. Preferably, a cyclodextrin moiety of a branching subordinate 

20 chain facilitates inclusion complex formation and encapsulation of a therapeutic 
agent in conjunction with a cyclodextrin moiety in the polymer backbone. A 
branched cyclodextrimcontammg polymer may be prepared by any means 
known in the art including, but not limited to, derealization (e.g. substitution} 
of a polymer (e.g. linear or branched PEI) with a cyclodextrin monomer 

25 precursor. Examples of polymers having premium cyclodextrins are described 
in Tpfima, et aL s J. Polym. Set. Part A: Poiym. Cheni. 36, 1965 (1998), Crim, et 
al, Eur, Polym. J. 33, 1 143, (1997), Weickenmeier etal, Maromol Rapid 
Commun. 17, 731 (1996), and Baehmann, et al, J. Carbohydrate Chemistry 17, 
13S9 (1998); each of which is incorporated here by reference. (The 

30 Weickenmeier article describes cyclodextrin sidechain polyesters, their 
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n elusion ofadaman k s 1 t nched dext 

ml | ? j i > f * <- i 

limine) (PEL) v ^ t <. eight avei 

nioleeuiai w eight or betw een abou 800 and abo £ ons preferably, 

5 between about 2,000 and 100,000 dahons, more preferably, between about 
2,000 and about 25,000 daitons. The PEI may be linear or branched. Suitable 
PET compounds are commercially available from .many sources, including 
poSyethylenimine from Aidrieh Chemical Company, polyethyienimine from 
Polysciences, and POLYMIN poly(ethylemmine) and LUPASGL™ 
10 poly(ethyienimine) available from BASF Corporation. 

Other Host-Functional Polymers 
As discussed above, at least one polymer of the particulate composite is a 
polymer capable of forming an inclusion complex. Polymers having preferred 

15 cyclodxtrin host functic 1 vith v i i 1 \ r aration, have 

been described above. In the same manner any polymer, linear or branched, 
having host functionality may be used in the practice of this invention. Other 
examples of suitable "hosts" which may be employed with the polymer incl ude, 
but are not limited to, cavitands, crown ethers, feryptands, cucurbituriis, 

20 ealixarenes, spherands, and the like. Polymers of these other hosts may be 
prepared in the same way as described above for the cyclodextrfn-cbntaimng 
polymers. The host of i nterest may be derivatized through a functional group 
such as a hydroxy! group to attach a leaving group such as iodide, tosylate, etc. 
and reacted with a suitable comonomer A displacing the leaving group and 

25 forming the host copolymer. Alternatively, the host may contain or be 

derivatized to contain a functional group such as an amine or carboxyi group 
allowing the host to undergo a condensation reaction with a comonomer A to 
form the host copolymer. Host copolymers, then, may be prepared having a 
m ixture of host functionalities in the polymer backbone as well as, if the 

30 copiymer is branched, in the branches. 



34 



WO 02/4W6 



PCT/IJSO 1/48620 



Functional Polymers 
Gt r t < j voters may I i > > c ipah r > 

inclusion complex with a host-funiionai eomplexing agent. Typically the guest 
functionary will be present on a side chain or end-group. An example of a 
5 polymer having guest functionality not as part of the polymer backbone would 
be a polymer ha\ ing pendant adan ips Examples of inclusion 

functionality which may be incorporated into the polymer include those known 
m the art such as, but not limited to, adamantane, diadamaniane, naphthalene, 
and cholesterol 



According to the invention, at least one therapeutic agent becomes 
encapsulated in the polymer to form the particulate composite, as described 
above, The term "therapeutic agent" is intended to encompass any active agent 

15 which has pharmacological or therapeutic use and, as discussed below, as active 
compounds or agen ts having microbidieal uses. Examples of such therapeut ic, 
agents (or active agents) are discussed below. Encapsulation is defined as any 
means by which the therapeutic, agent associates (e.g. electrostatic interaction, 
hydrophobic interaction, actual encapsulation) with the polymer. The degree of 

20 association may be determined by techniques known in the art including, for 
example, fluorescence studies, DNA mobility studies, light scattering, electron 
microscopy, and will vary depending upon the therapeutic agent. As a mode of 
delivery, for example, a therapeutic composition containing a multi-dimensional 
polymer network created from the polymer of a particulate composite, as 

25 described above, and DNA may be used to aid in transfectlon, i.e. the uptake of 
DNA into an animal {e.g. human) cell (Boussif, O. Proceedings of the 
National Academy ^Sciences. 92:7297-7301 (1995); ZantaetaL Bioconjugate 
Chemistry, 8:839-844 (1997); Gosseim et al. "Efficient Gene Transfer Using 
Reversibty Cross-Linked Low Molecular Weight Potyethylemmine", College of 

30 Pharmacy, The Ohio Statue University, published on web, revised manuscript 
July 5, 2001 .)). When the therapeutic agent is nucleic acid-based (e.g. DNA), 



10 



B. 
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the polymer ! > r ^ in t ic form of 

j "polypi \p i j f ! 7 h| t t tciiis a ountit 

polymers. S Delivery 
Systems". Hum. Gene Ther. 8, 511-512 (1997). 
5 Any therapeutic agent mix hire of therapeutic agents may be used with a 

composition of the i nvention. Upon forming the particulate composite, the 
therapeutic, agent may or may not retain its biological or therapeutic activity. 
Upon release from the therapeutic composition, specifically, from the polymer 
of the particulate composite, the activity of the therapeutic agent is restored. Or, 

10 in the ease of prodrug the potential for activity is restored. Accordingly, the 
particulate composite advanU > n protection 

against loss of activity due to, for example, degradation and offers enhanced 
bioavailability. Thus, a composition of the invention may be used to provide 
stability, particularly storage or solution stability., to a therapeutic agent or any 

15 active chemical compound. Encapsulation of a lipophilic therapeutic agent 
offers enhanced, if not complete, solubility of the .lipophilic therapeutic agent. 
The therapeutic agent may be further modified with a ligand prior to or after 
particulate composite or therapeutic composition formation. 

The therapeutic agent may he any lipophilic or hydrophtlic, synthetic or 

20 naturally occurring biologically active therapeutic agent including those known 
in the art. The Merck Index, An Encyclopedia of Chemicals, Drugs, and 
Bioiogicals, 13th Edition, 2001, Merck and Co., Inc., Whitehouse Station, NJ. 
Examples of such therapeutic agents include, but are not limited to, small 
molecule pharmaceuticals, antibiotics, steroids, polynucleotides (e.g. genomic 

25 DNA, cDNA, mRNA, antisense oligonucleotides, viruses, and chimeric 

polynucleotides), plasmids, peptides, peptide fragments, small molecules (e.g. 
doxorubicin), chelating agents {e.g. deferoxamine (DESFBRAL), 
ethylenediaminetetraacetic acid (EDTA)), natural products (e.g. Taxol, 
Amphotericin), and other biologically active maeroinoleeules such as, for 

30 example, proteins and enzymes. See also U.S. Patent 6,048,736 which lists 
acti ve agents (therapeutic agents) used as the guest to form inclusion 
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i >mpounds with yclodexi n polymers The disclosure of U.S. Patent 
6.048,736 is incorporated herein by reference. Small molecule therapeutic 

i ma} is c tli th< i jsnt \ ithi > < * 5 i but 

in an additional embodiment, may he covalently hound to a polymer in the 
5 composite. Preferably, the covalent bond is reversible (e.g. through a prodrug 
form or biodegradable linkage such as a disulfide) ami provides another way of 
delivering the therapeutic agent. 

2- The Cttroplgying Agent 

1 0 According to the invention, a completing agent is a compound having host 

or guest functionality that is capable of forming an inclusion complex with a 
polymer in the particulate composite having the corresponding guest or host 
functionality. As described above* a guest compiexing agent may be used to 
modify a polymer of the particulate composite having host functionality or a 

1 5 monomer of the polymer having host functionality to form an inclusion 
complex. Also as described above, a host compiexing agent may form an 
inclusion complex with at least one polymer of the particulate composite by 
acting as a host to the polymer guest functionality. T he compiexing agent may 
have two or more inclusion functionalities. For example, a compiexing agent 

20 having two inclusion functio bt i guest guest; a host, host; or a 

host, guest compiexing agent, A compiexing agent may also have a mixture of 
multiple host and/or guest functionalities. The compiexing agent also contains 
a functional group which adds a beneficial property to the composition of the 
invention. This functional group may be, for example, a ligand, a hydrophilic or 

.25 hydrophobic group, an additional therapeutic agent, etc. The compiexing agent 
may also include a spacer- group between the inclusion guest or host and the 
functional group. 

Preferably, a compiexing agent exhibits binding constants of about >10% 
preferably, about >!0 3 , and more preferably, about >10 4 , Typically, binding 
30 constants will range from about lOMGi Examples of inclusion guests sui table 
for the compiexing agents include those known in the art such as, but not 
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limited to, adamantane, diadamantane, naphthalene, cholesterol and derivatives 
thereof. Preferably, adamantane or diadamantane is used. Araiel et ai. Int. J, 
Polymer hmly &Ch ri >n,Vo\ I 289-3 109 5) \miele ii 
Journal of i Phi lena a '>> d > gnition in Chemistry, 

5 25:61-6? (1996); Amiel et ah, Advances in Colloid and Interface Science, 79, 
1 OS- 122 (1999); and Sandier et ah, Langmuir, 16, 1634-1642 (2000). 

A eomplexing agent contains a functional group that provides a benefit to 
the composition of the invention. A functional group may be as simple adding a 
hydroxy! or amine functionality is one way to introduce functionally. In a 

10 prefaced embodiment, the eomplexing agent may form an inclusion complex 
with a polymer of the particulate composite as well as alter the composite, for 
example, to facilitate cell contact, intercellular trafficking, and/or cell entry and 
release. Any such group known in the art may be used. Examples of suitable 
"functional" groups include, but are not limited, to Hgands, nuclear localization 

15 signals (See Zanta et al, Proc. Natl. Acad Set USA, 96, pp. 9 1 -96 (1 999), 
endosomal release peptides, endosomal release polymers, membrane 
peitneabilization agents, or mixtures thereof. The nuclear localization signal 
(MLS) may be any nuclear localization signal known in the art. The endosomal 
release peptide or polymer may be any endosomal release peptide or polymer 

20 known in the art (e.g., HA-2 arid GALA), See "Gene delivery by negatively 
charged ternary complexes ofDNA, canonic liposomes and transferrin or 
fusigenie peptides" Stmoes S, Slepushkin V, Caspar R, de Lima MCP, 
Buxgunes N, GENE THERAPY 5: (7) 955-964 JUL 1998. An example of a 
cell membrane permeabiiizing (or cell membrane permeable agent) is the TAT 

25 protein from HI V 4 . The TAT protein is viral transcriptional activator that is 
actively imported into the cell nucleus. Torchiiin, V,P. etaL PNAS. 98, S7S6- 
8791, (2001). 

The eomplexing agent may also be functtonalized with polymers that 
increase solubility and/or impart stabilization, particularly under biological 
30 condi tions. Stabilization of the composition may be achieved or enhanced by 
the use of eomplexing agents having hydrophsHic groups or lipophillic groups. 
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A pi etched { 1 > is polyetbtene glycol o a polyethyl n< 

oi-coi , p !>>. eferred | ! r > e ! 

have the formula HCXCH 2 CHjO) z R where z varies from 2 to 500, preferably 
10-300, PEG 600, PEG 3400, and PEG 5000 are representative of the 
5 polyetro. lent g , ; < ols v\ hich m; > be used in. the invention. In general, the higher 
the molecular weight of the PEG in the complexity agent the greater of the 
stabilization of the composition. Higher molecular weight PEG's are generally 
preferred. A preferred compiexing agent is pegylated adamantane or pegyiaied 
diadamantane. The structures of some Adamantane-PEG molecules useful as 

1 0 compiexing agents are shown in Figure 1 . To increase lipophiliciiy 

(hydrophobtcity), the com; ies ng ent mas contain lipophilic groups such as 
long chain alkyls, fatty acids, etc, Choice of the lipophilic group depends on the 
amount of lipophilieity desired. As can be seen from this discussion, the 
compiexing agent may be modified with any type of functionality to introduce a 

15 "iesired property into the composition. The Cv< * ii - sntraay he prepared 
using standard organic techniques. Employing mixtures of different 
compiexing agents allows for greater variation and specificity in achieving 
desired composition properties. 

A spacer group maybe used to join the functional group to the compiexing 

20 agent. The spacer group may be any spacer group known in the art which does 
not adversely effect the properties of the guest compiexing agent or the 
functional group. For example, the spacer group may be a direct link, such that 
the functional group is bound directly to th eon pie> ( ur Alternatively, 
the spacer group may be a moiety that is water soluble, highly anionic at 

25 physiological pH or has fusogenic abilities under acidic conditions. Preferably, 
the spacer group enhances the binding affinity of the compiexing agent with the 
polymer in the Inclusion complex (e.g., an anionic spacer group containing 
glutamic acid residues, carboxylic acid groups, etc.). The spacer group may 
also contain a reducible link (e.g., disulfide linkage) reduction of which would 

30 release the functional group from tht < omplexing agent Examples of suitable 
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spacer groups include, but are not limited to, a direct link, polyglutaraic acid, 
GALA, and polyethylene glycols (PEG). 

The functional group may also be an additional therapeutic agent. The 
therapeutic, agent may he reversibty bound to the complexing agent (e.g. 
5 through a prodrug form or biodegradable linkages). This provides a way of 
delivering additional therapeutic agents via the cc-mplexmg agent. 

As can be undersioond from the above discussion a completing agent 
employed in a composition of the invention is a compound of the formula: 



10 




wherein 

J is -NH-, -C(-0}NH-.(CH^, -NH-G^HGHj),-, -CB 2 SS-, -C{-0)0- 
.(CH 2 VO-P(=0){0-(CH4-Y)O- 5 

15 



PEG 




a peptide or polypeptide residue, or 
-NB-(C-0)-CH(R ( )-NH-{C===0)-CH(R ) )-N14-; 
20 Y is an addi iionai host/guest fund ionality; 

R 1 is -■(CH ; ,) i -COd i , an ester or salt thereof; or -(CM j 3 -C0NB 2 ; 
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PEG is -0(CH 3 CHjOX' 5 where z varies from 2 to 500; 

L is H, -NH,, -NH-(C>0)-(CH 2 X-(C=0)-CH 2 - t -SH)) r HC<H,-, -SS-, - 

C(~0)G-or a carbohydrate residue; 
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is 0 or i; 






b 


is 0 or 1 ; 






a 


ranges from 0 to 6: 






«• 


ranges from 1 to 6; 






n 


ranges from 0 to 6; 






y 


is 0 or i; and 








is 0 or L 








The completing agents 


may also be eornp 


ounds of the formula: 



where (he variables are the same as above with z ranging .from 1 to 5, q ranging 
from 1 to 5, and w ranging from 1 to 5> 



limited to adamantyl, naphthyi, cholesterol and a preferred host functionality is 
eyclodexirin. Mixtures of host and guest functionalities, as indicated m the 
formula, may be present in the complexing agent 




FunciionaJ 
Group 



y q 



15 



As discussed, examples of the guest functionality include but are non- 



20 



A preferred class of eoraplexing agents having adamantane guest 
functionality are compounds of the formula; 
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wherein 

I is -NH~, -CC-ONHHCH^ ^NH-C(-0)-(CH, ) r> ~CH,SS~„ -C{-0)0- 
5 -(CHjX-O-PC-OKO-CCB^-A^O^ 




a peptide or polypeptide residue, or 
10 -NH-(CO)-CH{R ! }-NH-(C-0)-CH(R 2 )-Mi-; 

Ad is adamantyi; 

R 5 is -(CH^-COjH, an ester or salt thereof; or -(CH ; VCONH,, 

PEG is -0(CH 2 CHjO) r , where z varies from 2 to 500; 

L is H, -NHj, -NH-(C-0).(CHj) e -(CO)-CH r7 -S(0) 2 >HC-CH r , -SS~, - 
1 5 C(O}0- or a carbohydrate residue; 

a is 0 or 1; 

b isOorl; 

d ranges from 0 to 6; 

e ranges from I to 6; 
20 y is 0 or 3 ; arid 

x is Dor 1. 
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By use of a functionaKzed complexing agents, a therapeutic, composition 
of the invention may be modified or functional ized to facilitate cell contact 
and/or cell entry. To achieve multiple functions and/or benefits, the 
composition may form two or more types of inclusion complexes using 
5 complex ing agents having different functionalities. As described above, a tigand 
may be used to modify a polymer of the particulate composite or a complexing 
agent. Thus, according to the invention, a composition of the invention may. 
via the inclusion complex, contain more than one ligand and thus bear more 
than one site for cell targeting and/or delivery. The particulate composite 
1 0 having multiple ligand- or other-ihnetionalized complexing agents may be 
stabilized by adding complexing agents with stabilization or solubility 
functionality such as the pegylated complexing agents. 

Because the polymer may form multiple inclusion complexes with a 
mixture of different functionalized complexing agents, a therapeutic 
15 composition of the invention may contain, for example, m ultiple therapeutic 
agents, different Hgands and/or various stabilization polymers. Where the 
complexing agent is iimctionalized with therapeutic agent or a prodrug, forming 
multiple inclusion complexes allows for multiple therapeutics to be delivered 
using the same therapeutic composition. If a ligand is present, the entire 
2Q combination (or cocktail) of therapeutic agents may be directed to a specific ceil 
type, disease, or other therapeutic use. 

A fonctionalizcd guest complexing agent may be prepared by any means 
known in the art. See Amiel et ah, Int. 1 Polymer Analysis & Characterization, 
Vol. I, 289-300 (1995); Amiel et Journal of Inclusion Phenomena and 
25 .Molecular Recognition in Chemistry, 25, 61-67 (1996); Sandier et ah, 
langtmdr, 16, 1634-1642(2000). 

3. Preparation of a Co mposition of the Inve ntion 

The invention also relates to method of preparing a composition. The 
30 method combines a therapeutic agent, a polymer having host or guest 

functionality, and a complexing agent to form the therapeutic composition. 



43 



WO 02/4W6 



PCT/IJSO 1/48620 



Fh i« r ng age gas ii * > < t fusion < pi 

with She pQiymei In anoti i sat, tliepolymei and c ( ic a >eut c 

agent are first combined to form a particulate composite. The particulate 
composite is then combined with the eompiexing agent to form an Inclusion 
5 complex of the therapeutic composition. The composition may also be formed, 
by first mixing the polymer with the completing agent and then combining thai 
mixture with the therapeutic agent, to form the composite and, accordingly, a 
composition of the invention.. 

10 A. Formation of the Poly mer-Agent Particulate ..Composite 

The particulate composite of a therapeutic agent and a polymer may be 
prepared by any suitable means known in the art. For example, a particulate 
composite may be formed by simply contacting, mixing, or dispersing a 
therapeutic agent with a polymer. For example, the polymer and the therapeutic 

1 5 agent may be mixed in a solvent in which both are soluble, in which the 

polymer is soluble but the therapeutic agent is dispersed, or in a solvent which 
disperses the polymer and the therapeutic agent hut soiubtiizes the particulate 
composite. For pharmaceutical applications, the solvent may be any 
physiologically acceptable aqueous solution. The particulate composite may be 

20 formed by the association of the polymer and the therapeutue agent, self 
association of the polymer, or by chemical means. Prior to formation of the 
particulate composite, the polymer of the particulate composite generally does 
not exist as a substantially associated structure such as, for example, a polymer 
gel. However, the polymer as part, of the particulate comp in < 5 tding upor 

25 the nature of the polymers and the therapeutic agent, may form a substantially 
associated structure such as a gel A particulate composite may also be prepared 
by polymerizing monomers, which may be the same or different, to form a 
linear or branched polymer in the presence of a therapeutic agent. A particulate 
composite may also be prepared by polymerizing monomers, which may be the 

30 same or different, capable of forming a linear or branched polymer in the 

presence of a therapeutic agent where the therapeutic agent acts as a template 
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for the polymerization. Trubetskoy et a!., Midezc ,4c/£/s Research, Vol . 26, No. 
18, pp. 41 78-4! 85 (1998). 

The .'amount of polymer and therapeutic agent employed maybe any 
amount which allows the particulate composite to assemble. Typically the 

5 polymer will be used in excess of the fiierapemic agent. When the polymer used 
to form: the polymer carries a canonic or anionic charge, such as with a 
catiomcaily charged comonomer A or with a polyalkylene inline such as PEI 
and when the therapeutic agent carries a charge such as an anionic 
polynucleotide, the ratio of polymer to therapeutic agent may be expressed as a 

10 charge ratio. The charge ratio is an expression of the ratio of charge of the 
polymer to that of the therapeutic agent. As show in the examples particulate 
composites of cationtc cycled ex trin polymers and anionic DNA are typically 
formulated at 5+/- charge raifo, that is five cationic charges from the 
cyclodextrm polymer to one anionic charge of DNA. The charge ratio may be 

1 5 any ratio that allows the particulate composite to form and may be in excess of 
the minimum charge ratio necessary. Where the polymer and/or the ihefapeutic 
agent i s uncharged, the amount or ratio of the polymer to therapeutic agent may 
he expressed in terms pf weight, moles or concentration as in known in the art 
According to the invention, the polymer of the particulate composite 

20 may also be treated under conditions sufficient to form a particulate composite 
comprising a therapeutic agent and a multi-dimensional polymer network. Such 
multi-dimensional polymer networks are described in WO 00/33885, which is 
incorporated here by reference. As described in WO 00/33885, treating of the 
polymer of the particulate composite under conditions sufficient, to form a 

25 multi-dimensional polymer network may be accomplished using any suitable 
reaction conditions), including the addition of additional agents or reactants, 
that promote association of the polymer and the therapeutic agent of the 
particulate composite. The polymer may be associated via interpolymer 
covaient bonds, noncovalent bonds (e.g. ionic bonds), or noncovalent 

30 interactions (e.g. van der Waais mteraetions). Association via intrapolymer 
covaient bonding, noncovalent bonding, or noncovalent interactions of the 
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polymer may occur as well, As a result of such association, the polymer of the 
particulate co nposi e interact xo fori multi-di nenstonal polymer network. 

In one embodiment of the invention, to form a particulate composite 
comprising a therapeutic agent and a multi-dimensional polymer network 
5 mvoh es crosshnl 1 tio is Fot example, if the polymer ol the paniculate 
composite is a single polymer molecule, the polymer may be reacted with a 
molecule(s), oligomer(s), or different polyraer(s) that promotes crosslinking or 
forms crosslinks such that mtrapoiymer crosslinking of or actual crosslinking 
with the single polymer molecule of the particulate composite results. 

10 Similarly, if the polymer of the particulate composite is a mixture of two or 
more polymers, the polymer or polymers may be reacted with a moiecule(s), 
oligomer's), oi different polymer(s) that promotes crosslinking or forms 
crosslinks. The resulting crosslinkmg may be iutrapoiymer and/or 
interpolymer, preferably interpolymer, erosslmkiog of the polymer or polymers 

15 of the particulate composite. 

The crosslinking agent may be any crosslinkmg agent known in the art. 
The crosslinking agent may be any oligomer or polymer (e.g. polyethykne 
glycol (PEG) polymer, polyethykne polymer) capable of promoting 
crosslinking within or may he actually crosslinking with the polymer of the 

20 particulate composite. The crosslinking oligomer or polymer may be the same 
or different as the polymer of the particulate composite. Likewise, the 
crosslinking agent may be any suitable molecule capable of crosslinking with 
the polymer of the particulate composite The crosslinking agent may itself 
contain a ligand. 

25 The degree of association, as described m WO 00/33885, of the polymer 

of the particulate composite forming the multi-dimensional polymer network 
may vary from partial association to complete association. By varying the 
degree of association of the polymer, a short chain polymer may be made to 
exhibit the characteristics ova long chain polymer while retaining the desired 

3 0 characteristics of a short chain polymer upon dtsassodatiom For exampl e, long 
chain polymer character promotes overall stability, i.e. resistance to 
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degradation, until the target cell is reached while short chain polymer character 
promotes DNA release within the target cell This duality affords a therapeutic 
composition containing a therapeutic agent and a multi-dimensional polymer 
network that exhibits improved stability in both nonphysiologtcaJ and 

5 physiological conditions and greater she! Wife stability. Varying the degree of 
association of the polymer of the therapeutic composition also permits 
controlled release of the therapeutic agent. 

The particle size of the particulate composite depends upon the polymer 
and therapeutic agent used to form the composition of the invention. As shown 

10 in the examples which follow, particulate sizes may range from 50 - 1000 nm. 
preferably 50-500 nm. Forming the inclusion complex typically does not 
significantly increase particle size. The compositions remain as discreet 
particles. As discussed below, compositions containing pegylated complexing 
agents show excellent stability in salt solutions. Advantageously, the 

! 5 compositions are stable at physiological conditions allowing their use as 

delivery vehicles for therapeutic agents and in the treatment of various diseases 
and disorders. 

B. IsSS^^LSms. Inclusion Complex 

20 The inclusion complex may be prepared by any suitable means known in 

the art. For example, the inclusion complex may be formed by simply 
contacting, mixing, or dispersing the particulate composite and the complexing 
agent. For example, the particulate composite and the complexing agent may be 
mixed in a solvent in which both are soluble, in which the particulate composite 

25 or the complexing agent is soluble but the other is dispersed, or in a solvent 
which disperses the particulate composite and the complexing agent but 
solubilizes the inclusion complex. Preferably, the inclusion complex is formed 
by adding the complexing agent to the particulate composite in the same vessel 
as used to mix the polymer and the therapeutic agent to form the inclusion 

30 complex. For pharmaceutical applications, the solvent may be any 
physiologically acceptable aqueous solution. 
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The completing agent may be added to the composite particle in any 
molar ratio to the moles of host and/or guest functionality present in the 
polymer of the composite whi ch forms the inclusion complex. In general, the 
compiexmg agent is added in a 1:1 molar ratio to the moles host and/or guest 

5 functionality. Lower molar ratios (excess host and/or guest functionality on the 
polymer) may be used as long as the composition contains at least one 
compiexmg agent and at least one host or guest functionality on the polymer to 
form an inclusion complex. Excess compiexmg agent may also he used. 
Typically, then, the molar ratio of compiexmg agent to mol es of polymer host 

10 and/or guest functionality ranges from 0.01:1 to 1:0.01, and preferably is 

between 0.5 : 1 and 1 :0.5. When multiple completing agents are used, the molar 
ratio of the individual compiexmg agents may be chosen by the desired 
functionality to be introduced into the composition. For example, it may be in a 
giveti composition that apegylated stabilizing compiexmg agent is present in a 

1 5 0,9* 1 molar ratio and a compiexmg agent containing a iigand may be present in 
only minor amounts, e.g., 1-2% of the compiexmg agent T he total amount, 
compiexmg agent in such a composition typically falls within the ranges 
discussed above, 

20 4. Compositions and Meth^s of Treatment 

A therapeutic composition of the invention may be formulated as a solid, 
liquid, suspension, or emulsion. Preferably a therapeutic composition of the 
invention is in a form that can be injected intravenously. Other modes of 
administration of a therapeutic composition of the invention include methods 

25 known in the art such as, but not limited to, oral administration, inhalation, 
topical application, parenteral, intravenous, intranasal, intraocular, intracranial 
or intraperitoneal injection, and pulmonary administration. The method of 
administration often depends on the formulation of the therapeutic composition. 
Prior to administration, a therapeutic composition may be isolated and purified 

30 by any means known in the art including, for example, centrifugatiou, dialysis 
and/or lyophilizattom 
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Pie invention rela o pharmaceu on p< 1 •» !1 - wl ich comprise an 
effective amount of a therapeutic composition of the invention and a 

■ ic * i h u carrier Suitable solid or liquid 

galenic formulations are, for example, granules, powders, coated tablets, 
5 microcapsules, suppositories, syrups, elixirs, suspensions, emulsions, drops or 
injectable solutions. Commonly used additives in pharmaceutical compositions 
include, but are not limited to, preparations are excipients, disintegrates, 
binders, coating agents, swelling agents, glidants, or lubricants, flavors, 
sweeteners or sokibilizers. More specifically, frequently used additives. .are, for 

If) example, magnesium carbonate, titanium dioxide, lactose, mannitol and other 
sugars, talc, lactalbumm, gelatin, starch, cellulose and its derivatives, animal 
and vegetable oils, polyethylene glycols and solvents. The solvents include 
sterile water and monohydric or poiyhydne alcohols such as glycerol. 
Depending upon the type of therapeutic agent used, a therapeutic 

1 5 composition of the invention may be used in a variety o.f therapeutic methods 
(e.g. DMA vaccines, antibiotics, anti viral agents) for the treatment of inherited 
or acquired disorders such as, for example, cystic fibrosis, Gaucher s disease, ■ 
muscular dystrophy, AIDS, cancers (e.g., multiple myeloma, leukemia, 
melanoma, and ovarian carcinoma), cardiovascular conditions (e.g., progressive 

20 heart failure, restenosis, and hemophilia), and neurological conditions (e.g., 
brain trauma). According to the invention, a method of treatment administers 
to a person or mammal in recognized need of the therapeutic a therapeutically 
effective amount of a therapeutic composition of the invention, A 
therapeutically effective amount, as recognized by those of skill in the art, will 

25 be determined on a case by case basis. Factors to be considered include, but are 
not limited to, the disorder to be treated and the physical characteristics of the 
one suffering from the disorder. 

6. Other Utilities 

30 The inclusion complexes of the invention may also find utility in 

delivering chemicals used in the agrictdural industry. In another embodiment of 
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the »n en* ton the 'therapc 1 a is a bio liiy acts < round having 
nhcrobiocidai umt agricultural utility. These biologically active compounds 
include those known in the art. For example, suitable agriculturally biologically 
active compounds include, but are not limited to, fertifeiers, fungicides, 
5 herbicides, insecticides, and mildewcidi i < <-dtnvsatcr- 

Ireatment to treat muncipal water supplies and industrial water systems such as 
cooling waters, white water systems in papermaking. Aqueous systems 
susceptible to microbiological attack or degradation are also found in the leather 
industry, the textile industry, and the coating or paint industry. Examples of 

1 0 such raierobicides and their uses are described, individually and in 

combinations, in U.S. Patents 5,693,631, 6,034,081, and 6,060,466, winch are 
incorporated herein by reference, compositions containg active agents such as 
those discussed above may be used in the same manner as known for the active 
ingredient itself Notably, because such uses are not pharmacological uses, the 

1 5 polymer of the composite does not necessarily have to meet the toxicity profile 
required m pharmaceutical uses. 



7. Exam ples 

The following examples are given to illustrate the invention. It should be 
20 understood, however, that the invention is not to be iimiied to the specific 
conditions or details described in these examples. 

Materials, p-cyclodextrin (Cerestar USA, Inc. of Hammond, IN) was dried in 
vacuo (<0J mTorr) at 120'X for 12 h before use. Biphenyl-4,4'~disu!fonyl 

25 chloride (Aldrich Chem ical Company, Inc. of Milwaukee, Wl") was 

recrystallized horn chlorofcrm/hexancs. Potassium iodide was powdered with a 
mortar and pestle and dried in an oven at 200*C. All other reagents were 
obtained from commercial suppliers and were used as received without further 
purification. Polymer samples were analyzed on a Hitachi HPLC system 

30 equipped with an An^pcc RIje't:c:^' < - steetor, and a 
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Progel-TSK G3000, wx < column using 0.3 M NaCI or water as eluant at a 1.0 
taLmin ' flow rate. 

Example I; Bip.henyi-4,4 < -disuifony!~A : ,D-Capped P-CycSodextrin, 1 (Tabushi 
5 ei al. J. Am. Chem. Sac. J 06, 5267-5270 (1984)) 

A 500 mL round bottom flask equipped with a magnetic stirbar, a Schlenk 
adapter and a septum was charged with 7.92 g (6.98 ramoJ) o f dry 
p-cyclodexmn and 250 mL of anhydrous pyridine (Aldrich Chemical Company, 
Inc.), The resulting solution was stirred at 50"C under mitogen while 2.204 g 

1 0 (6.28 ramo!) of biphenyj-4 i 4 < ~disuifonyl chloride was added in four equal 
portions at 15 min intervals. After stirring at 50 "C for an additional 3 h 5 the 
solvent was removed in vacuo and the residue was subjected to reversed-phase 
co i iphy using a iicnt elntiot 1 ' 1 a. 1 > i i tte 

Fractions were analyzed by high performance liquid chromatography (H.PLC) 

15 and the appropriate fractions were combined. After removing the bulk of the 
acetonitrile on a rotary evaporator, the resulting aqueous suspension was 
lyophitizcd to dryness. This afforded 3.39 g (38%) of J as a colorless solid, 
Exaj«ple 2: 6 A ,6 l VDjic4o-6'\6 t M3ideoxy4i-eycl(Hiexirin, 2{TabusM et al. j; 
Am. Chem. 106,4580.4584 (1984)) 

20 A 40 ml. centrifuge tube equipped with a magnetic stirbar, a Schlenk 

adapter and a septum was charged with 1 .02 g (7.2 mmol) of 1 s 3.54 g (21 .3 
mmol) of dry, powdered potassium iodide (Aldrich) and 1 5 mL of anhydrous 
HN-dimethylfomtamide (DMP) (Aldrich). The resulting suspension was 
stirred at 80"C under nitrogen fur 2 h. After cooling to room temperature, the 

25 solids were separated by .filtration and the supernatant was collected. The solid 
i tate was washed with a second portion ol nhydrous DMF and the 
saperoaianis were combined and concentrated in vacuo. The residue was then 
dissolved in 14 mL of water and cooled in an ice hath before 0.75 mL (7.3 
mmol) of tetrachloroethylene (Aldrich) was added with rapid stirring. The 

30 precipitated product was filtered on a medium glass frit and washed with a small 
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portion of ac a for i va 1 d. under vacuum over P 2 p s for 14 h. This 
afforded 0.90 g (92%) of 2 as a white solid. 

Example 3: 6 A ,6 & -Diazido-6 A ,6 s ^Dideoxy-j5-cyc!odextfin, 3 (Tabushi et a!. 

5 Tetrahedron Lett 18, 1527-1530 (1977)) 

A 100 raL round botiom flask equipped with a magnetic stirbar, a Sehteak 
adapter and a septum was charged with 1.704 g (1.25 mmol) of p-cyclodextrin 
diiodide, 0.49 g (7.53 mmol) of sodium azide (EM Science of Gihbstown, NJ) 
and 10 mh of anhydrous N ? N^imethyi formamide (DMF). The resulting 

1 0 suspension was stirred at 60 C under nitrogen for 1 4 h. The solvent was then 
removed in vacuo, The resulting residue was dissolved in enough water to 
make a 0.2 M solution in salt and then passed through ! 1 .3 g of Biorad 
AG501-X8(D) resin to remove residual salts. The eluant was then lyophilized 
to dryness yielding 1 .232 g (83%) of 3 as a white amorphous solid which was 

15 earned on to the next step without further purification. 
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Example 4; 6 A > <5°-Dtantmo-6 A > <> s: '-Dideoxy-3-cyclodextrm, 4 (Mungail et al., J. 
Org. Chem. 1659-1662(5975)) 

A 250 mi, round bottom flask equipped with a magnetic stirbar and a 
5 septum was charged with 1 .232 g (1 .04 mmol) of p-cyclodextrm isisazide arid 
50 ml, of anhydrous pyridine (Aldrkh). To this stirring suspension was added 
0.898 g (3.42 mmoi) of triphenyiphosphine. The resulting suspension was 
stirred for I h at ambient temperature before 10 roL of concentrated aqueous 
ammonia was added. The addition of ammonia was accompanied by a rapid gas 

1 0 evolution and the solution became homogeneous. After ! 4 h, the solvent was 
removed in vacuo and the residue was triturated with 50 mi, of water,. The 
solids were Altered off and the filtrate was made acidic (pH<4) with 10% HQ 
before it was applied to an ion exchange column containing Toyopeart 
SP-650M (Mi 4 ! form) resin. The product 4 was elated with a gradient of 0-0.5 

1 5 M ammonium bicarbonate. Appropriate fractions were combined and 
lyophilzed to yield 0,832 g (71%) of the product 4 as the bis(hydrogen 
carbonate) salt 

Example 5; jJ-cyclodextrin-DSP copolymer, 5 

20 A 20 roL scintiHanon vial was charged with a solution of 92.6 nig (7.65 x 

10 s mol) of (he bis(hydrogen carbonate) salt of 4 in \ mL of water. The pH of 
the solution was adjusted to ! 0 with 1 M NaOH before a solution of 30.9 rng 
(7.65 x 10-* mol) ofdithiobis(succtnimidy1 propionate) (DSP, Pierce Chemical 
Co. ofRoekford, If ) in 1 mL of chloroform was added. The resulting biphasic 

25 mixture was agitated with a 'Vortex mixer for 0.5 h. The aqueous layer was then 
decanted and extracted with 3 x 1 mL of fresh chloroform. The aqueous 
polymer solution was then subjected to gel permeation chromatography (GPC) 
on Toyopearl HW-40F resin using water as ehiani. Fractions were analyzed by 
GPC and appropriate fractions were lyophilised to yield 85 mg (85%) as a 

30 colorless amorphous powder. 
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Example 6: p-cyclodexinn-DSS copolymer s 

A fJ-cydodextrm-DSS copolymer, 6, was synthesized in a manner 
analogous to the DSP polymer, 5, except that disucciniimdyl suberate (DSS, 
5 Pieice Chemical Co. of Rockford. 1L) was substituted for die DSP reagent. 
Compound 6 was obtained in 67% yield. 

Example 7: p-cyclodextrirt-DTBP copolymer, 7 

A 20 mL scintillation vial was charged with a solution of 91 .2 mg (7.26 x 

10 10' s mol) of the bisfhydrogen carbonate) salt of 4 in 1 mL of water. Hie pH of 
the solution was adjusted to 10 with 3 M NaOH before 22.4 mg (7.26 x 10" 5 
mo!) of dimethyl SJ'-dithiobisCpropionimidate) • 2 HQ (DTBP, Pierce 
Chemical Co. of Rockford, It.) was added. The resulting homogeneous solution 
was agitated with a Vortex mixer for 0.5 h. The aqueous polymer solution was 

1 5 then subjected to gel permeation chromatography (GPC) on Toyopeari HW-40F 
resin. Fractions were analyzed by GPC and appropriate fractions were 
lyophiltzed to yield 67 mg (67%) of a colorless amorphous powder. 

Example 8: Polyethylene glycol (PEG) 600 diacid chloride, 8 

20 

i i zsu f X 

HO A P£G«0 OH Ct^PBSiSitt 

25 A 50 mL round bottom flask equipped with a magnetic stirbar and a reflux 

condenser was charged with 5.07g (ca. 8,4 mmol) of polyethylene glycol 600 
diacid (Fluka Chemical Corp of Milwaukee, WI) and 10 mL of anhydrous 
chloroform {Aldrich}. To this stirring solution was added 3.9 mL (53,4 mmol) 
of thionyl chloride ( Aldrich) and the resulting solution was heated to reflux for 

30 Ih, during which time gas evolution was evident. The resulting solution was 
allowed to cool to room temperature before the solvent and excess thionyl 
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chloride were removed in vacuo. The resulting oil was stored m a dry box and 
used without purification. 

Example 9: pVyclodextrin-PEG 600 copolymer, 9 




15 



A 20 mL scintillation vial was charged with a solution of 1 12.5 mg (8.95 x 
10* mol) of the bis(hydrogen carbonate) salt of 6*,6°-diamino-6 A > 6°-clideoxy- : 0- 
eyciodextrin(4), 50 {.iL (3.6 x 10"* mol) of triethylamine (Aidrich), and 5 mL of 

•20 Mhydrous JV.tf-dtmethylacetamide (DMA©, Aidrich), The resulting suspension 
was then treated with 58 mg (9.1 x 10 s mol) of polyethylene glycol 600 rilacid 
chloride, 8. The resulting solution was agitated with a Vortex mixer for 5 
minutes and then allowed to stand ai 25'C for Ih during which time it became 
homogeneous. The solvent was removed in vacuo and the residue was 

25 subjected to gei permeation chromatography an Toyopearl HW-40F resin using 
water as eluant. Fractions were analyzed by GPC and appropriate fractions 
were lyophilized to dryness to yield 115 mg (75%) of a colorless amorphous 
powder. 

30 Example 10; 6 A ,6°-Bis^2-aminoethyithio)-6^6°~dideoxyH^«yctodextrin > 
16(Tabushi,I: Shimokawa, K; Fugita, K. Tetrahedron Lett 1977, 15274530} 
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10 

A 25 mL Schleak flask equipped with a magnetic stirbar and a septum was 
charged with 0.91 mL (7.37 mmol) of a 0.81 M solution of sodium 
2-aminoethylthio!ate in ethanol {Fieser, L.F.; Fiester, M Reagents for Organic 
Synthesis; Wiley; New York, 1967; Vol 3, pp.265-266). The solution was 

15 evaporated to dryness and the solid was redissolved in 5mL of anhydrous DMF 
(Aldrich). 6 A ,6 D -Diiodo-6'\6°-dideoxy-p-cycbdextrin (2) {lOOmg, 7.38 x KT* 
moi) was added and the resulting suspension was stirred at 60*C under nitrogen 
for 2 h. After cooling to room temperature, the solution was concentrated in 
vacuo and the residue was redissolved in water. After acidifying with 0. 1 N 

20 ECl, the solution was applied to a Toyopearl SP-650M ion-exchange column 
(NH^form) and the product was eluted with a 0 to 0.4 M ammonium 
bicarbonate gradient Appropriate fractions were combined and lyophilized to 
dry ness. This afforded 80mg (79%) of 10 as a white powder. 
Alt g - tv.. i v f S ynthesis of dicvst eamine f.V€D . 10, 

25 To a solution of 4.69g (3.1 7 mmol) of 2 in 100 ml of degassed water was 

added 0.489g (6.34 mmol) of freshly sublimed cysieamine. The solution was 
stirred under reflux for 2 h. After cooling to room temperature and acidifying 
with IN HC1, the solution was applied to a Toyopearl SP-650M ion-exchange 
column (NH 4 * form) and the product was eluted with a 0 to 0.2M ammonium 

30 bicarbonate gradient. Appropriate fractions were combined and lyophilized to 
dryness. This procedure gave 1 .S7g (39% yield) of a white solid. The solid was 
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characterized by TLC (silica gel, «-FrOH-AcOE^HX)-NH,aq 5/3/3/1, detection 
by ninhydrin) and exhibited a major spot corresponding to 10. Matrix-assisted 
laser desorption/fooization (MALDI) um< -of f ighf i - < ) c ) mass spectrum was 
recorded on 2 meter ELITE instrument supplied by PerSeptive Biosystems, Inc. 
5 MALDi-TOF m/z caicd for 3: 1252, found: 1253.5 [M+H]\ 1275.5 (M+Naf, 
1 29 1 .4 [M4-K]*. U C NMR (Broker 500 MHz, IXO) 5 ppm: 32 J (S-CH,) and 
38.8 (CH r NH 2 ), 32.9 (C6 adjacent to S), 60.2 (C6 adjacent to OH), 70.S, 71 .4, 
72.5 (C2, C3, C5), 81 .8 (C4), 101.7 (CI). 

10 Example- 11 : B-cyclodextrin(cystatnine)-DTBP copolymer, 1 J 



15 



20 



25 




A 4 rnL via! was charged with a solution of 19.6mgn.42 x 10 * mol) of 
30 the bis(hydrogen carbonate) salt of 10 in 0,5 mL of 0. 1 M NaHCOj. The 
solution was cooled in an ice bath be fore 4.4 mg (1 .4 x 10" 5 mol) of dimethyl 
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3,3' dithiobisp t p n mdate-2 HCi (DT8P, Pierce Chemical Co. of Rockford, 
Illinois) was added here ih a Vortex 

mixer and allowed to stand at CfC for ih. The reaction was quenched with 1M 
Tris-HCl before it was acidified to pH 4 with 0.1N HCI. The aqueous polymer 
5 solution was then sub .. e tion c aphy on Toyopearl 

HW-4QF resin, fractions were analyzed by GPC and appropriate fractions were 
lyophiltzed to dryness. This afforded 21 -3mg { 1 00%) of 1 1 as a white powder. 

Example 12: p-Cyclodex{rin{cystamine)-DMS copolymer, 12 

10 




A 10 mL Schlenk flask equipped with a magnetic stirhar and a septum was 
charged with 200 mg (1 .60 x 1 0"* owl) of 10, 44 pi (3.2 x 10 d mol) of 
triethylaminc (Aidrich Chemical Co., Milwaukee, WI), 43.6 mg (1 .60 x 10* 4 

25 mol) of dsmethylsuberimidate * 2HC1 (DMS, Pierce Chemical Co. of Rockford, 
Illinois), and 3 raL of anhydrous DMF (Aidrich Chemical Co., Milwaukee, WI). 
The resulting slurry was heated to 80°C-for 18 hours under a steady stream of 
nitrogen during which time most of the solvent had evaporated. The residue 
which remained was redissolved m 10 mL of water arid the resulting solution 

30 was then acidified with 1 0% HCi to pH 4. This solution was then passed 
through an Amicon Ceutricon.Plus-20 5,000 NMWL centrifugal filter. After 
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washing with 2x10 ml portions of water, the po s 1 

to dryness yielding 41 ,4 nig (18%) of an off-white amorphous solid. 

Ai tern at i vc S y n thes i s : p-Cyelodextnn{cystamiiie)~DMS copolymer was 
5 synthesized as described previously (Gonzalez, et ai. 1999). in a typical 
experiment, a 25 mL vial was charged with a solution of the msihydrogen 
carbonate) salt of dicysteamme p-CD .10 (399.6 nag, 0.269 mmoi) dissolved in 500 
pX of 0.5M NaXOj. Oimethyisuberimidate ♦ 2HC1 (DMS, Pierce Chemical. Co. 
of Rockford Illinois, 73.5 mg, 0,269 mmoi) was added and the solution was 

1 0 centnfuged 5 «> ' 5 - to dissoK e the components The resulting mixture was stirred 
at 25 «C lor 15 h. The mixture was then diluted with 10 mL of water and the pH 
brought below 4 with the addition of IN HC1- This solution was then dialy/ed 
against a Spectra K i ~ WCO 35 i brat Sp un) in 11 f 

24 k The diaiyzed solution was lyophilized to dryness. °C NMR (Bruker 500 

15 M^D 2 d)appm: 25.8,26.0,27.0,28.7,29.9, 32.2, 37.5, 38.1, 41.1, 60.0, 71.6, 
72.3,72.6,80.8, 101.4, 167.9. 

Example 13: Fixed Permanent Charged Copolymer Compiexation with 
Plasmid 

20 in general, equal volumes of fixed charged CD-polymer and DNA plasmid 

solutions in water are mixed at appropriate polymer/plasniid charge ratios. The 
mixture is then allowed to equilibrate and self-assemble at room temperature. 
Compiexation success is monitored by transferring a small aliquot of the 
mixture to 0.6% agarose gel and checking for DNA mobility. Free 'DNA travels 

25 under an applied u s , whi con lexed DNA is retarded ai the well. 

1 pg of DNA at a concentration of 0. 1 pg/pL in distilled water was mixed 
with 10 pt of copolymer 12 at polymer amine: DNA phosphate charge ratios of 
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2.4, 6, 12, 24 ( 36, 60, and 120, I Me »_I of loading buffer (40% sucrose, 0.25%. 
bromophenol blue, and 200 raM Tris-Acetate buffer containing 5mM EOT A 
(Gao et a!,, Biochemistry 35:1027-1036 (1996)) was added to each solution. 
Each DNA/polymer sample was loaded on a 0,6% agarose electrophoresis gel 
5 containing 6 ug of EtBr/100 mL in I xTAl buffer (40mM Tris-acetate/l raM 
EDTA) and 40V was applied to the gei for I hour. The extent of DNA/polymer 
complexation was indicated by DNA retardation in the gel migration pattern. 
The copolymer (12) retarded DNA at charge ratios of 2 and above, indicating 
complexation under these conditions. 

10 

Example 14: Transfection Studies with Plasmids Encoding luciferase reporter 
gene: 

BHK-21 ceils were plated in 24 well plates at a ceil density of 60,000 
cells/well 24 hours before transfection, Plasmids encoding the luciferase gene 

15 were mixed with the CD-polymer as in Example 13. Media solution containing 
the DNA/polymer complexes was added to cultured ceils and replaced with 
fresh media after 24 hours of incubation at 37°C The ceils were lysed 48 hours 
after transfection- Appropriate substrates for the luciferase light assay were 
added to the ceil iysate, Luciferase activity, measured in terms of light units 

20 produced, was quantified by a luminometer. DN A/polymer complexes 

successfully transfected BHK-21 cells at a charge ratios above 3 with maximum 
transfection at polymer amine:DNA phosphate charge ratio of 40. Cell tysate 
was also used to determine cell viability by the Lowry protein assay, (Lowry et 
at, Journal of Biological Chemistry, Vol, 193, 265-275 (1951)}. No toxicity 

25 was observed up to charge ratios of 40. 

Example 15; Synthesis of jKwclodextrin(cy$taminsr)-DMA copolymer, 1.3 
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A 20 mL scintillation vial equipped with a magnetic stirbar was charged 
with 180 mg (0. 1 3 1 mmo\) of 10 and 32 mg of dimethyl adipimidate (DMA, 
Fierce Chemical Co, of Rockford, Illinois). To this was added 500 pL of 0.5 M 
NajCOj, The resulting solution was covered with foil and stirred overnight, 
5 The mixture was acidified with 0. 1 N HQ and dialyzed with Speetrapor 

MWCO 3,500 membrane for 2 days and lyophilized to afford 41 mg of a white 
amorphous solid with Mw=6 kDa, as determined by light scattering. 

Example 16; Synthesis of p-cyclodexrrin(cystamine)-DMP copolymer, 14 




A 20 mL scintillation vial equipped with a magnetic stirbar was charged 
with 160 mg (0.1 16 mmol) of 10 and 30 J mg of dimethyl pimeliroidate (DMP, 
Pierce Chemical Co. of Rockford, Illinois). To this was added 500 uL of 0.5 M 
NajCOj. The resulting solution was covered with foil and stirred overnight, 
1 5 The mixture was then acidified with 0. 1 N HCi and dialyzed with Speetrapor 
MWCO 3,500 membrane tor 2 days and lyophilized to afford 22 mg of a white 
amorphous solid with Mw=6 kDa, as determined by light scattering. 

Example 17; P-eyciodextrh ■- ne)-PEO600 Copolymer, IS 

20 
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10 

A 1 00 mL round bottom flask equipped with a magnetic stirbar, a Schlenk 
adapter and a septum was charged with 1 .564 g (1 .25 mmoi) of 10 and 25 ml of 
freshly distilled dimethylacetamide (DM Ac, Aldrich). To the slurry was added 
0.7 mL (4 eq) of triethy famine and a solution of 8 (2.39 g, 3.75 eq) in 5 mL of 

15 DMAe. The resulting solution was agitated with Vortex mixer for 5 minutes 
and then allowed to stand at 25 °C for 1 hour during which time it became 
homogeneous. The solvent was removed under vacuum and the residue was 
subjected to gel permeation chromatography on Toyopearl HW-40F resin using 
water as ekeot Fractions were analyzed by GPC and appropriate fractions 

20 were lyopMHxed to dryness to yield a colorless amorphous powder. 

Example 18: Synthesis of {i-eyctadextrin-Tosylate, 16 (Melton, L.D., and 
Slessor, K.N., Carbohydrate Research, 18, p. 29(19?]}) 

25 




30 
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iO ml > s > lask equipped m • n* } ■ i cut 
tdapte; plum d wit utioo od 530 

g, 7.51 mmol) and 200 mL of dry pyridine. The solution was cooled to 0 0 C 
before \ .29g (6,16 mmol) oftosyl chloride was added. The resulting solution 
5 was allowed to warm to room term 1 i atur; <>■ srn tht The pyridine was 
removed as much as possible ;« wacwo. The resulting residue was then 
recrystaliteed twice from 40 mL of hot water to yield 7,54 (88%) of a white 
crystalline solid, 

10 

Example 19: Synthesis of {J-cyclodextrin-iodide, 17 



15 




A round bottom flask with a magnetic stirbar and a Sehlenk adapter is 
20 charged with 16, 15 equivalents of potassium iodide, and DMF. The resulting 
mixture is heated at 80 °C for 3 hours, after which the reaction is allowed to 
cool to room temperature. The mixture is then filtered to remove the precipitate 
and the filtrate evaporated to dryness and redissolved in water at 0 °C. 
Tetrachloroethyiene is added and the resulting slurry stirred vigorously at 0 °C 
25 for 20 minutes. The solid is collected on a medium glass frit, triterated with 
acetone and stored over P 3 O s . 

Example 20: Synthesis of [5-cyclodextrimthiol-PEG Appended Polymer, 18 
Step i : Synthesis of p-cyclodextrm-thiol (K. Fujita, et al., Bioorg. Chem.. 
30 Vol. 1 1, p. 72 (1982) and K. Fujita, et al, Bioorg. Chem., Vol 11, p, 108 
(1982)) 



63 



WO 02/4W< 



PCT/IJSO 1/48620 



A 50 roL round bottom flask with a magnetic stirbar and a Sehlenk adapter 
was charged with LOO g (0.776 mmol) of 16, 0.59 g (7.75 mmol) of thiourea 
(Aldrich) and 7.8 mL of 0.1 N NaOH solution. The resulting mixture was 
heated at 80 °C for 6 hours under nitrogen. Next, 0.62g (15.5 mmol) of sodium 
5 hydroxide was added and the reaction mixture was heated at SO °C under 
nitrogen for another hour. The reaction was allowed to cool to room 
temperature before it was brought to pH 4.0 with 10% HCi. The total solution 
volume was brought to 20 mL and then was cooled in an ice bath before 0.8 mL 
of tetrachloroethylene was added. The reaction mixture was stirred vigorously 
10 at 0 *C for 0.5 h before the precipitated solid was collected in a fine glass frit. 
The solid was pumped down overnight to yield 0.60 g (67%) of a white 
amorphous solid. 

Step 2: A 100 mL round-bottom flask equipped with a magnetic stirbar 
and a reflux condensor was charged with 2.433 g (2,1 .1 mmol) of p- 

15 eyclodextrin-thiol, prepared in Step 1 , 0,650g of fonctionaiized PEG (PEG with 
pendant olefins, received from Yoshiyuki Koyama of Otsuma Women's 
University, Tokyo, Japan) and 50 ml of dH 2 0. The resulting mixture was 
heated at reflux for 12 hours, during which time the p-cyclodextrin-thiol 
dissol ved. The reaction mixture was allowed to cool to room temperature and 

20 precipitated solid was removed by centrifngatton. The supernatant was dia'lyzed. 
against water in a Spectra/Por 7 MWCO 1 ,000 membrane. The solution was 
lyophilized to give an amorphous white solid. 



30 
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] 5 Example 21: Synthesis of branched PEi-cyclodcxtrin polymer, 19 

A 20 mL scintillation vial equipped with a magnetic stirhar is charged with 
branched PEi (25 kD, Aldrich) and 17. To this is added degassed sodium 
carbonate buffer. The resulting solution stirred at 80 °C for 4 hoars. The 
mixture is acidified with 0.1 N HC1 and dialyzed with Spectra/Por MWCO 

20 3 ,500 membrane for 2 days and lyophiiized. 



Example 21B: Synthesis ofPEl-cyctodextrin crossliaked polymer 

A branched PEI (Mw 1200, Aldrich) and difunctionalized cyciodextrin 
monomer 2 (1 eq) are mixed in dry DMSO. The mixture is stirred at SO °C for 
25 days and then subjected to dialysis against water using Spectra/Por MWCO 
10,000 membrane for two days and lyophiiized. 



Example 22: Synthesis of Ad-PEG^-Ad 

240 mg of 1-aminoadainantane (1 .60 mmoi, Aldrich) and 288 mg of 
30 PEG, 400 (SPA) 2 (0.085 mmoh Shearwater Polymers) was added Co a glass v 
equipped with a stirbar. To this was added 5 mL of dicholoromethane, am 
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solution ATiS stirred <>* eroight fhe next da? . the solution vas filtered to 
remove the n~h> dro I lie! ioromet'hane was 

removed in vacuo. The residue was dissolved in water and eentrifuged to 
remove excess 1 -aminoadamantane. The supernatant was then diaiyzed 
5 overnight in Pierce's Slide- A-Lyzer with MWCO35O0. The solution was then 
lyophilized to afford 248 mg of a white fluffy solid of Ad-PEG^-Ad. 

Example 23: Synthesis of Ad-PEG^-NH^ 

347 mg of FMOC-PEG : ^ x rMH, (0,110 mmaL Shearwater Polymers) and 

.1 0 155 mg of 1 -ammoadamantane ( .1 .0 mmol, Aldrich) was added to a glass vial 
equipped with a stirbar. To this was added 5 mL of dicholoromethane and the 
resulting solution was stirred overnight. The next day, the solution was filtered 
to remove the a-hydroxj succidimide byproduct and the diehloromethane was 
removed in vacuo. The residue was dissolved in water and filtered to remove 

I S ■unreacted I -aminoadamantans. The solution was then iyophiiized to remove 
the water. The FMOC group was removed by dissolving the resulting solid in 
20% piperidtne in DMF for 20 minutes. The solvent was removed in vacuo and 
the residue redissolved in water. The solution was eentrifuged to remove the 
undissolved FMOC and then dtalyzed overnight in Pierce's Slide-A-Lysser, 

20 MWCO 3500. The solution was then lyophihzed to afford 21 9 mg of a white 
fluffy solid of Ad-PECWl®^ 

Example 24; Adamantane-PEG^-NHj (Ad-PEG M , i<i -NH 2 ). 

266 mg of FMOC-PEG, 40Ct -NHS (78.2 pmoi, Shearwater Polymers, 

25 HuntsviHe AL) were added to a glass vial equipped with a magnetic stirbar. 10 
eq. of l*adaraantane-methylamme (1.5 mmol Aldrich) dissolved in 3 mL 
ofdichloromethane were then added and the solution stirred overnight at room 
temperature. The solvent was removed in vacuo and water was added to the 
remaining solution to dissolve the PEG product. The solution was eentrifuged 

30 at 20K ref for \ 0 minutes, whereupon the adamantaue-snethylamine phase- 
separated as a denser liquid. The aqueous portion was collected and water 
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removed m vacuo. The remaining viscous liquid was redissofved in 20% 
piparidinem DMF for FMOC deprotection and stirred for 30 minutes at room 
temperature. The solvent was removed in vacuo, washed several times with 
DMF, ^dissolved in water, and run on an anionic exchange column to remove 
5 unreacted PEG. The first fractions were collected and lyophilized to yield 222 
mg of a white, fluffy powder (76% yield) of the desired product which was 
confirmed hy MALDt-TOF analysis. 

Example 25:. Adaroantane-PEG^-taetose (Ad-PBG 5400 -Lac). 

10 60 mg of Ad-PEGj^-NM, ( 16.8 pmot), as prepared in Example 24, and 

5.0 eq of kctose-inonosuccidimyl (50 mg, Pierce, Rockford, 1L) were added to a 
glass vial equipped with a stirhar. 2 mLof 50m.M NaHCO* was added and the 
resulting solution stirred overnight. The reaction of the amine was monitored 
by TJNBS assay, that determines amine concentrations. Upon till reaction ot 

15 the amine (99% amine reacted), the solution was transferred to a dialysis tubing 
(Slkle-A-Lyzer, MVVCO3500, Pierce), diaiyzed for 24 hours against water, and 
lyophilized to yield 65.1 mg of a fluffy white powder (93% yield). 

Example 26: Synthesis of Ad-PEG^ 

20 279 mg of PEG se6<r NHS (0.053 mmol. Shearwater Polymers) was added to 

a glass vial equipped with a stirhar. To this was added 46 uL of l-adamantane 
methylamine (0.42 mmol, Aldrich) dissolved in 3 raL of dicholorometbane, and 
the solution was stirred overnight. The next day, the solution was filtered to 
remove the n-hydroxysuccidimide byproduct and the dichloromethane was 

25 removed in vacuo. The residue was dissolved in water and centrifuged. The 
excess 1-adamantane methylatnine phase separated and the top aqueous phase 
was removed and dialyzed overnight in Pierce's Slide- A-Lyzer with 
MWGO-3500, The solution was then lyophilized to afford 253 mg of a white 
fluffy solid of Ad-PEGjoo,. The product was analyzed on aBeckman Gold 

30 HPLC system equipped with a Richards Scientific ELS detector and a CI S 
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column and found to be pure (retention time of P£G ? . sm ,-NHS: 10.7 min; 
retention time of product S 2.0 min icetonh J t ' ^ i t) 

VjJ -native £ i - !MiPB Uil>£i < 

674 mg ofPEG^-NHS (135 jLiinoI, Shearwater Polymers) were added 
5 to a glass vial equipped with a magnetic stirbar. 5 eq. of 1 -adamaniane- 

rnethylaraine (675 pmcm Aldrich) dissolved in 10 ml., of dichloromethane were 
{lien added and the solution stirred overnight at room temperature. The solvent 
was removed in vacuo and water was added to the remaining solution. The 
solution was centrifuged at 20K ref for 10 minutes, whereupon the adaman.tan.e- 

10 methylamine phase separated as a denser liquid. The aqueous portion was 
collected and dialyzed for 24 hours (Shdc-A-1 .y/.er, MWCO3500) against 
water. The solution was lyophiiized to yield 530 mg of a white, fluffy powder 
(75% yield, schematic of product shown below). The product was analyzed on 
a Beekman Gold HPLC system equipped with a Richards Scientific ELS 

15 detector and a CI 8 column and found to be pure (retention time of PEG 50(>r 
NHS: 10.7 min; retention time of product: 12,0 min; acetomtrile/watex 
gradient), AD-PEG^ was synthesized using a similar protocol (56% yield; 
product confirmed by Maldi-TOF analysis), 



20 

Example 27: Adanmntane-(PEG H>90 )j (Ad-(PBGj«e»o>j)- 

313 mg of(PEG sm ) r NHS (30 pmol Shearwater Polymers') were added 
to a glass vial equipped with a magnetic stirbar. 10 eq. of 1 -adaraantane- 



25 .and the solution stirred overnight at room temperature. The solvent was 

removed in vacuo and water was added to the remaining solution to dissolve the 




methylamine (300 gmoL Aldrich) dissolved in 3 mL of DCM were then added 
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PEG product. The solution was eentrifuged at 20K reffor 10 minutes, 
whereupon the adaroantane i thyla ne phas< 1 ^aia dei set liquid. 
The aqueous portion was collected and dialyxed for 24 hours (Slide-A-Lyzer, 
M"WCO=3500) against water. The solution was lyophilized to yield 286 mg of 
5 a white, fluffy powder (9 1% yield). 

Example 28: Adamantane-PEG^-Fhiorescein (Ad- PEO wf FITC). 

20 mg of Ad-PEG^-NH, were dissolved in 3 mL of 0.1 M Na 2 CG, in a 
glass via! equipped with a magnetic stirbar. To this solution were added 3 eq of 

10 fluorescein isolhiocyanaie (FFFQ Sigma) in DMSO (4 mg/mL, 1 -6 mL) and the 
resulting solution was stirred in the dark overnight before transferring to dialysis 
tubing (MWC<>3500) and diatyzing in the dark for 48 hours against water, 
The solution was collected and lyophiiized to yield 23 mg of a yellow fluffy 
solid. PEG 3 t(>: rFITC was synthesized as a control polymer from PEG^-NFL 

15 (Shearwater Polymers) with the same protocol to yield 23 mg. 

Example 29: Synthesis of GALA peptide 

The GALA peptide (sequence: W-E^A~A-L-A-E-A-L-A^E-A4^A-E^H-t- 
AT>A~L-A-E~AT.-E-A-L,-A~A, MW 3032) was synthesized by the Biopolymer 

20 Synthesis Facility {Beckman institute, California institute of Technology) using 
an automatic synthesizer. Before cleaving the peptide from the resin, one third 
of the resin was set aside for adamantane conjugation. Analysis of the peptide 
by HPLC indicated greater than 95% purity. 1 -Adamantane-carboxylic acid 
(Aldrich) was conjugated to the N-temiinai end of the GALA-peptide with DCC 

25 coupling chemistry. The resulting peptide (G AL A~Ad, M W 3 1 94) was cleaved 
from the resin. Analysis of the peptide by HPLC indicated greater than 90% 
purity. The identities of the peptides were confirmed by MALDl-TOF analysis 
(Biopolymer Analysis Facility, Beckman Institute, California Institute of 
Technology). 

30 

Example 30: Preparation of a composition of the Invention Using GALA 
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peptide 

PlmmidsMndoiigomcimtidm. Basmid pGL3-CV (Prornega, Madison, 
WI), containing the luciferase gene under the control of the SV40 promoter, was 
amplified by Esherichia Colt and purified using Qiagen's Endotoxm-fiee 
5 Megaprep kit (Valencia, CA). Ftuoreseeimlabeled oligonucleotides (PTTC- 
oligos, 25-mer, S'-FtTC-ACT GCTTAC CAG GGA TTTCAGTGC A-3') 
were synthesized by the Biopolymer Synthesis Facility t California Institute of 
Technology). 

Particle formation and characterization. Compositions of the invention 

3 0 were prepared by mixing an equal volume of 1 2 (dissol ved in dH 3 0) with I)N A 
(0.1 nig/mL in dlLO) at the appropriate charge ratios. The same volume of 
GALA or GALA- Ad dissolved in 50 mM. phosphate buffered saline (PBS, pH 
7.2) was then added to the complexes. For example, 'with particle 
characterization studies, 2 pg of plasmid OH A (20 pL) were complexed with 12 

15 (20 ml.) at a 5+/- charge ratio. 20 uL of GALA solution, GALA-Ad solution or 
50 mM PBS (for control samples) were tea added to the complexes. The 
solution was then diluted with the addition of 1 .2 ml The size and 
charge of particles were determined by dynamic light scattering and zeta 
potential measurements, respectively, using a ZetaPals dynamic light scattering 

20 detector (Brookhaven Instruments Corporation, Floltsviile, NY). The results, 
presented as mea» ± standard deviation of these measurements, are shown in 
Figure 2. The hydrodynamic diameter of 12/pGL3-CV compositions prepared at 
5+/- charge ratio was measured by dynamic light scattering and found to be 260 
rem, 2 pg of plasmid DNA in 20 pL were mixed an equal volume of 12 at 5+/- 

25 charge ratio. Various ratios of GALA or GALA- Ad were then added to the 
particles. Hydrodynamic diameter was determined by Sight scattering 
measurements. Results are presented as mean ± standard deviation of three 
measurements. The GALA peptide undergoes a transition from a water-soluble 
random cot! conformation at pFl 7. 5 to a water-insoluble helix at pH 5. The 

30 GALA and adamantane-modifjed GALA (GALA-Ad) peptide was dissolved in 
50 mM PBS (pH 7.2) and added to the therapeutic composition at various 
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pqtfide/cyclodextrin ratios. The mixture was diluted with dH,0 and particle 
sizes determined by dynamic light scattering (Fig 2). Figure 2 shows the 
hydrodynamic diarnenter of GALA (deshed line) and GALA-Ad (solid Sine) 
modified poiyplexes. 
5 Results. Because the particle count rate remains the same for ail 

concentrations of peptide added, the addition of peptide does not appear to 
disrupt the compositions. The particle size profi les as a function of GALA and 
GALA-Ad addition are very similar- The hydrodynamic diameter increases 
from 250 nm (1% GALA or GALA-Ad) to 400 nra (10% GALA or GALA-Ad). 
10 As more peptide is added the particle size again decreases to that of the' 

unmodified therapeutic composition. The diameter returns to around 250 nm 
with the addition of 30% or more GALA-Ad and 50% or more GALA, See 
Figure %, 

\ 5 Example 31 : Uptake of GALA-modified Compositions to BHK-21 Cells. 

Celt Culture. BHK-21 cells were purchased from ATCC (Rockville, 
MD) and .HUH- 7 cells were generously donated by Valigen (Newtown, FA). 
Both cell lines were cultured in DMBM supplemented wi th 1 0% fetal bovine 
serum, 100 uaits/mL pemciUin, 100 pg/ml, streptomycin, and 0.25 ug/mL 

20 amphotericin in a humidified incubator operated at 3? C C and 5% CO., and 
passaged every 4-5 days. Media and supplements were purchased from Gibco 
BRL (Gaithershurg, MD). 

Therapeutic composition uptake by cultured ceils, BHK-21 cells were 
plated in 6-well plates at 150,000 cells/well and incubated for 24 hours at 37 X. 

25 5 ug of FtTOoh'go were complexed with 12 at a 5 +/- charge ratio. After a 5 
minute complexation time, 50 uL of GALA or GALA-Ad in 50 mMof PBS 
(pH 7.2) were added to the complexes. Media was removed from the cells and 
cells washed with PBS. For transaction, 900 nL of Optimcm were added to 
each therapeutic composition solution and the entire solution transferred to the 

30 cells. The cells were incubated with the transfection mixture for 5 hours before 
removing the media and washing the cells twice with PBS. The cells were 
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collected by trypsinizati on and prej red FA $ analysis Cells were washed 
twice in wash buffer (Hank's Balanced Salt solution containing DNase and 
MgClj) and resuspended in 500 uL FACS buffer (Hank's Balanced Salt 
Solution, 2.5 mg/mL bovine serum albumin, 10 ugAnL propMium iodide). 

5 FACS analysis was performed using a FACSCalibur flow cytometer (Becton 
Dickinson, San Jose, CA) and CeilQuest software. The results are shown as 
Figure 4. As shown in Figure 4 a-d, BHK-21 cells (4a) were transfected with 
12/FIJC-OIigo (4b), i 2/FLTC-Ohgo/50% GALA (4c) and 12/F1TC- 
Oligo/50%GALA-Ad (4d). Uptake was determined by flow cytometry analysis, 

1 0 Data is presented as fluorescence profiles, with cell count number plotted along 
the y~axis and fluorescein fluorescence intensity plotted along the x~axis. 

Example 32: Zeta Potential of Modified Complexes. 

2 pg of plasmki DNA in 20 pL were mixed with an equal volume of J 2 

IS at 5+A charge ratio. Various ratios of GALA or GALA-Ad were then added to 
the particles at various peptide/CD ratios before dilution with dH 3 0, Particle 
charge was determined by electrophoretic mobility measurements and presented 
as particle zeta potential in mV. The particle charge of 1 2/pGL3-CV 
compositions at 54/- charge ratio was determined by zeta potential 

20 measurements and found to be f 13 mV. the zeta potential of the particles in the 
presence of the peptides was determined and presented in Figure 3 as mean 4- 
standard deviation of three measurements. 

Results. Because the GALA peptide is an anionic peptide at pH 7.2 
(contains several glutamic acid residues), the association of GAL A and GALA- 

25 Ad with the compositions decreases their zeta potential The compositions 
become negatively charged by 30% GALA (-1 1 mV) or GALA-Ad (-23 mV), 
The zeta potential of GALA + therapeutic composition solutions plateaus at this 
point; adding more GALA only increases the zeta potential slightly (-15 mV at 
150% GALA). However, the particles become more negatively charged with 

30 higher GALA-Ad concentrations, compositions with the addition of 1 50% 
GALA-Ad have zeta potentials of -42 m V. See Fig. 3. 
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Example 33: DNA Delivery Efficiency of Compositions. 

HUH-? Cells: A hepatoma cell line, HUH-7, was also transfeeted with 
12/FITC~OHgo at 5 +/- charge ratio and 12/FITC OH go/50% GALA-Ad 

5 compositions, DMA uptake was monitored as described for BHK-21 cells. The 
fluorescence profile for untransfected HUH-7 cells lies in the first decile (Fig 
5a). FITC-OUgo was successfully delivered to 95% of HUH-7 cells with 12 
(Fig 5b). The addition of 50% GALA- Ad to the compositions inhibits FITC- 
Oligo uptake by two orders of magnitude, as observed with the BHK-21 cells 

10 (Fig 5c). 

Example 34: Luciferase Transaction efficiency of the Invention compositions. 

The traasfection ability of GALA and GALA-Ad modified compositions 
was determined by delivery of a luciferase reporter gene to cultured cells. 

15 BHK.-2 1 cells were plated in 24- well plates and transfeeted with 1 pg of pGL~ 
CV3 (a plasmid that contains the luciferase gene) completed with 12 at a charge 
ratio of 54-/. to form a particulate composite. These particulate composites were 
modified with the addition of GALA or GALA-Ad at various peptide/ 
cyclodextrin ratios. The cells were lysed 48 hows after transaction and 

20 analyzed for luciferase activity, with results, shown in Figure 6, reported in 
relative light units (RLUs). Data are reported as the mean ±SD of three 
samples. Background - 300 RLV, 

Cells were successfully transfeeted with 12/pGL-CV3 compositions, 
with RLUs ~lx.l 0 The addition of GALA did not have a large effect on 

25 traasfection efficiency. However, composition modification with GALA- Ad 
greatly inhibited transfection. The addition of 1% GALA increased transfection 
by two-fold to 2 x 10 s RLU, and J2/pGL-CV3/iO% GALA also resulted in 
slightly higher transfections (1.5 x 10 s RLU). The addition of 100% GALA 
decreased transfection by 50% to 5 x 10^ RLU. 

30 

Example 35: Toxicity of GALA and GALA-Ad compositions. 



73 



WO 02/4W6 



PCT/IJSO 1/48620 



The toxicity of GALA and GAL A- Ad modify t" wsitions was 
\ t imi lb - s 1 g ! - ^ > J > < ■ • rat >ft el! ly; btaine. 
in the transfection experiments. BHK-21 cells were transacted with I pg of 
pGL-C V3 completed with 12 at 5+A charge ratio. Prior to transfection, various 

5 ratios of GALA and GALA-Ad were added to the complexes. Cell survival for 
transfeetions m the presence of GALA (solid bars) and GALA-Ad (white bars) 
was determined by assaying for total protein concentrations 48 hours after 
transfection and normalizing each sample with protein levels for untransfected 
cells. The protein concentrations are reported as the mean ±S£> of three 

1 0 replicates were averaged and divided by the average protein concentration of 
cells transacted with I2/pGL-CV3 compositions alone and reported as fraction 
cell survival (Figure 7). The addition of GALA and GALA-Ad to the 
transfection solution resulted in no observable toxicity to BHK-21 cells. 

15 Example 36: Lactose-(J-cyciodextrin-DMS copolymer 20 (Lac-f^eydodextrin- 
DMS copolymer 20). 

12 (20.5 mg, 3 umoi), 10 eq of ct-iaetose (21 mg, 60 umol, Sigma), and 
1 16 mg of sodium cyanoborohydride (300 pmoi) were added to a glass vM. I 
ml, Of borate buffer, pH 8.5 was added to the solids and the resulting solution 

20 was vortexed briefly before incubating in a 3? °C water bath for 30 hours. The 
solution was acidified to pH 6.0 with the addition of 1M HCJ and dialyxed 
against water for 24 hours. TNBS assay for polymer amines revealed 87% 
conjugation. The structure of compund 20. 

25 Example 37; Lactose-(CHJ 6 -|3-cyciodextrin-DMS copolymer 21 (Lae-C643- 

eyclodextrin-DMS copolymer 21 }. 

12 (43.2 mg, 7.4 pmoi) and 5,6 eq of mono(iactosylaondo) 

monQ(sucdnimidyl) suberate (50 mg, 84 pmol Pierce) were added to a glass 

vial equipped with a magnetic stirbar and dissolved in 2 m.L of 50 mM 
30 NaHCO... The resulting solution was stirred overnight. The reaction was 

followed by monitoring the disappearance of the polymer amine endgroups by 
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TNBS assay, which revealed 90% conjugation. The solution was acidified to 
pH 5.0 by the addition of 1M HC1 and resulting solution dialyzed against water 
in Pierce MWCO 3500 Siide-.VLyzer for 2 days before iyophihzation. A 
white, fluffy power was obtained hi 70% yield. The structure of 21 is shown in 
Figure 12. 

Example 38: PEG ;M0O -terminated P-cyciodextrin-DMS copolymer 22; Pre- 
DN A Complexation PegyMioa 

20.3 mg ofl2 (3 umoi) and 10 eq of FMGC«PEG 3TO -NHS (190 mg. 60 
pmot) were added to a glass viai equipped with a magnetic stirbar and dissolved 
in I mL of 50 mM NaHCO } , pH 8-5. The solution was stirred in the dark at 
room temperature for 20 hours and then iyophilized. The solid was dissolved in 
0.5 ml. of 20% piperidine in D.MF and stirred for 30 minutes for FMOC 
deproteetion. The solvent was removed in vacuo and the remaining viscous 
liquid dissolved in water and the pH brought below 6.0 with 0.1 M HCL The 
polymer was separated from unreacted PEG by anion exchange chromatography 
and lyophiUzed to yield a white fluffy powder. The structure of 22 is shown 
below. 




Prep-DNA Complexation Pegylation Both 12 and 22 were mixed with 
plasmid DMA for particle size measurements. While pCDP6 12 condenses 
plasmid DNA to unifonn particles with hydrodynamic diameter ; 130 ran, 
pegylated 22 is unable to condense DHA. The presence of PEG at the polymer 
termini disrupts DM A condensation. 
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Example 39 (Comparator): Po 

The procedure used was modified from Ogris et a!., Gene Therapy, 6, 
595-605 (1999). S pg of pOL3-CV in 500 pL of dH 2 0 were mixed with an 
5 equal volume of PEI (in dHvO) at a charge ratio of 3-K-'- or 6-f-/-. 1 2/DNA 
particulate composites were prepared in the same manner at a charge ratio of 
5+/-. Particle diameters of the particulate composites were measured by 
dynamic light scattering (0.LS). After paniculate composite formation, PEG 5(s>:r 
SPA (10 mg/mL in DMT) was added to the solution mixed at room temperature 

10 for two hours. As a second stage after particle size determination, 500 ul of 
PBS, pH 7.2, were added to the solution. The solution was incubated for 30 
minutes at room temperature before final particle sizes were measured by DLS, 
See Figure. 8 for a schematic r^presehtation. 

In Stage f PE1/DNA or 1 2/DNA particulate composites were formed in 

15 1.2 mt dHjO, The sizes of the particles were determined by dynamic light 
scattering (DLS). PEG^-SPA was added to the particulate composite 
solutions Stage 2, and allowed to react with the polymer primary amino groups 
for i hour. The sizes of the "pegylated" samples were measured by DLS. For 
Stage 3, 600 pi, of PBS, pH 7,2, wereadded to each sample to test the salt 

.20 stability of pegylated particles. The particle sizes were determined 30 ruin after 
salt addition to determine the extent oi pa t gation. 

PEI particulate composites were formulated 3*/- and 6+/- charge ratios 
and 1 2/DNA particulate composites piexes were formulated at 5+A charge ratio 
for Stage 1 . PEG^-SP A was added to PEI at 10: 1 w/w according to the 

25 procedure published by Ogris et al Gene Therapy 6, 595-606, 1999. 12 was 
pegylated with 100%, 150% and 200% PEG:amme (mol%). As a control, 
unreacrive PEG was also added to 12 at. 1 00%. The particle diameters at each 
stage are presented in the table of Figure 9, The PEI particulate composite 
increased slightly in size upon pegylatiou (58 nm to 65 nm for 3+/- charge ratio 

30 and 55 nm to 60 nm for 6-h- charge ratio). Pegyiation protected the PEI 

particulate composites dg.i' "'4 salt indm ed aggregation. While unmodified PEI 
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particles increase in diameter to 800 nm after salt addition, pegylated PI- i 
>articuia - 1 ' ttly in size to 78 nra (for 6+ charge atio) 

and 1 1 5 tun (for 3+/- charge ratio). 

The adrftton of 150% and 200% PEG, -SPA to 12-hased particulate 

5 composites resulted in particle disruption; particle counts drop drastically and 
no consistent correlation function was observed. Pegylation of 12 likely 
prevents polymer/DNA binding. The particle size is maintained at 67 nm after 
pegylation with 100% PEG„ wr SPA. However, monitoring of particle size as a 
function of time revealed that the particles were disrupted for approximately 30 

1.0 seconds after PEG addition, after which the small particles were again observed. 
Therefore, the addition of 100% PEG 5M ,-SPA may pegylate a fraction of 12, 
Because the polymer 12 is added in excess with respect to the DMA (at a 5+/- 
charge ratio), the particles amid then rearrange such that the unmodified 
polymers form polypiexes with the plasmid DMA while most of the pegyiated 

1 S polymer remain free in solution. Salt addition to these parti cles results in 
particle aggregation (300 nra), although not to the extent of unmodified 12 
particulate composite (700 nm). In summary, post-DN A-eomplexahon 
pegylation to reaction with the polymer primary amino groups is likely to be 
effective for high MW polymers with high charge densities. However, reaction 

20 with 12, even post-DNA complexation, results in lack of salt stabilization at 
100% PEGjooe-SPA addition and particle disruption with higher PEG^-SPA 
concentrations. 

Example 40: Post-DNA-compSexation pegylation by inclusion complex 
25 formation. 

Using the procedure below, Adamantane-PEG (Ad-PEG) molecules 
were added to solutions of preformed compositions at 100% adamantane to 
cyclodextrin (mo1%). PBS was then added to the solutions and the particle size 
monitored by DLS in 2 minute intervals. The results are shown in Figure 10. 
30 Procedure: 2 pg ofpGL3-CV in 600 pi, of dH 3 0 were mixed with an 

equal volume of 12 (in dH,G) at a charge ratio of The desired amount of 
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Ad-FEG (10 mg/mL in dH,0) was added and particle size determined by DLS. 
600 uL of PBS, pH 7.2, were added to the solution and particle size monitored 
in 2 minute intervals for 8 minutes. 

The average diameter of unpegykted 12 particles increased from 58 am 
5 to 2S0 nm within 8 minutes after salt addition. The presence of free PEG in 
solution did not prevent aggregation (average diameter of 240 nm after salt 
addition). However, pegylation via inclusion complexes with linear Ad-PEG 
molecules reduced particle aggregation in a length dependent matter. 8 minutes 
after salt addition, particles pegyktcd with Ad-PBG 5 , W aggregate to 2 10 nm in 
1 0 diameter while particles with Ad-PEG wor Lac aggregate to 2 00 nm . Particles 
pegylated with Ad-PEG< W . only increase in diameter to 90 nm 8 minutes after 
salt addition and to 160 nm 2 hours after salt addition. Modification with Ad~{ 
PEGjobqX had a small effect on aggregation (particle diameter of .200 nm after 
salt addition). 

15 The stabilization also occurs in a PEG density-dependent manner 

(Figure lOA). The average particle diameter measured 10 minutes after salt 
addition increases by 4,7-fbkl for unmodified polyplexes (58 nm to 272 nm) but 
only 1.2-fold for polypiexes modified with the addition of 1 5.0% or 200% 
adamantane to cyclodexlrin. 

20 

Example 41; Decreased Cellular Uptake due to Post-complex anon. Pegylation 

Step 1 : Transfection mixtures were prepared as follows: An equal volume 
of cationic, 12 was added to 3 pg of PITC-Ofigos (0,1 ng/jtL in water) at a 3 +/- 
charge ratio of polymer to DNA. To the complexes was added free PEG or Ad- 

25 PEGjoos (as prepared in Example 40) at a 1:1 PEG to cyclodextrra ratio. 

Step 2. HUH-7 cells were plated at 3 x 10 s cells/well in 6 well plates and 
maintained in 4 mLs of DMEM t 10% FBS + Antihiotic/Antiinycotic for 24 
hours. After 24 hours, the cells were washed with PBS and 1 m.L of Optimem 
containing the transfection mixtures of Step 1 was added to the cells. After a .15 

30 minute incubation, the transfection media was removed, the cells were washed 
with PBS and 1 nil. of Optimem was added to each well. The cells were 
incubated for another 30 minutes at 3TC The ceils were then washed with Ceil 



78 



WO 02/4W6 



PCT/IJSO 1/48620 



Scrub Buffer (Gene Therapy Systems) to remove surface-associated complexes 
and PBS and then detached from the wells by trypsin treatment. The cells were 
then prepared and analyzed by FACS analysis for FfTC-OUgo uptake. The 
results are described in Tabic 1 below. The modification of the complexes by 
5 Ad-PEGjocs decreases uptake of the Fff C-Oligo/polyraer complexes. 



Table i. 



Sample 


Percent Transfeeted 


■ s a' one- 


0% 


Cells + FiTC-Oligo 


0 % 


Cells -» Par u >t ? toPPO 


43 % 


• , Modified \<:-i'f ( ; (f Partscu.ate 
composite 


27 % 



10 Example 42; 1 2/Ad-PEG^-FITC composition Formation and 

Delivery to Cultured Cells, 

BHK-21 cells were plated in 6- well plates at 200,000 cells/well and 
incubated for 24 hours at 37 *C« 3 pg ofollgo (0.1 mg/mL In dH 3 0) were 
compiexed with an equal volume of 12 (2 mg/mL In dH s O) at a 5 +/- charge 

1 5 ratio. After a 5 minute eomplexation time : 1 .5 uL of PEG-F1XC or Ad-PEG- 
FITC (10 ug/mL in di l ; 0) were added to the complexes. Media was removed 
from the cells and cells washed with PBS. For transieciiom 940 p,L of Optimem 
were added to each therapeutic composition solution and the entire solution 
transferred to the ceils. The cells were incubated with the transfection mixture 

20 for 4 hours before removing the media, washing the cells with PBS, and adding 
in 4 mt of complete media. The cells were incubated for another 24 hours at 37 
°C before media was removed and cells washed twice with PBS. The cells were 
collected by trypsi nidation and prepared for FACs analysis. Cells were washed 
twice in wash buffer (Hank's Balanced Salt solution containing DNase and 

25 MgCU and ^suspended in 500 uL FACS buffer (Hank's Balanced Salt 
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Solution, 2.5 mg/mi bovine serum albumin. lOpg/mL propidium iodide), 

0 S s was i ' i FACSCaltbur Oo J 

Dickinson, San Jose, CA) and CellQuest software. Figure 1 1 shows the results. 

5 Inclusion complex formation v, ith i' 1 " , hl -FlTC resulted in 

substantially increased fluorescein uptake over 1 2 incubated with AD-PEG J400 - 
FITC (43% vs. 14%, Fig 11). Free AD-PEG^-FITC in the media may be 
taken into the cell as part of the pinocytotic or endocytotie pathway. However, 
Ad-PEG^-FITC is also able to enter cells when complexed to .12. AD-PEG 3400 - 

10 F1TC modification of 12 particulate composites at low ratios (10%) is unlikely 
to inhibit internalization. Rather, the 1.2 particulate composites bind readily to 
the cell surface and co-delivers Ad-PEG^-FIT C to the cells as they are 
internalized. The 12 particulate composites-assisted delivery results in higher 
fluorescein fluorescence observed in 12/Ad-PEG Mi30 -FITC transacted cells. 

1 5 This method can also be applied for the co-delivery of a small molecule 
therapeutic along with the gene of interest. 

Example 43: Transfection of HIM? cells > 

Luciferase Transfection. HUH-? cells were plated in 24-well plates at 

20 50,000 eells/wel! and incubated for 24 hours at 37 °C. 3 pg of pGL3-CV 

piasmid (0.1 rag/hiL in dH 3 0) were eomplexed with an equal volume of 12 or 
21 (See Fig. 1 3.) at various charge ratios. Media was removed from the cells 
prior to transfection and cells washed with PBS. 600 pL of Optimem was added 
to each therapeutic composition to form a transfection solution of which 230 pL 

25 were added to each of 3 wells for 4 hours. After four hours, 800 nL of complete 
media was added to each well. Media was changed 24 hours after transfection 
and cells were lysed in 50 ul, of Cell Culture Lysis Buffer (Promega, Madison, 
WI) 48 hours after transfection. Luciferase activity was analyzed using 
Pi-omega's luciferase assay reagent. The results are shown in Figure 13. 

30 

Example 44: Synthesis of Adamantane-deri vatized FE1 (Ad-P.El) 



SO 



' i t s t t PEi adamanet > cid mixed 

dry CH,C1> and cooled to 0 °C. DCC (1 equiv.}, 1 -hydroxybenzoyHriazoie (1 
equiv.), and triethylamine { i equiv.) are added to the mixture. The solution is 
warmed slowly to room temperature and stirred for 16 hours. The precipitate is 
5 removed, by filtration and then the solvent is removed by vacuum. Water is 
added to the residual yellowish solid. Non-soluble solid is removed by 
centrifugation. The aqueous solution is carefully transferred to a dialysis bag 
and dialyzed against water for 24 hours. The resulting PEI -CD is obtained after 
iyophilkation. 

10 

Example 45; Synthesis of Cyctodextrin-PEG (CD-PEG) 

PEG-Suecmimidyl propionic acid (SPA) (Shearwater Polymers) and 
cyelcdextrin-monoannne (1,2 equiv.} are dissolved in DMSO and stirred for 2.4 
hours at room temperature. The cyclodextrin-PEG product is purified by 
15 dialysis. 

Example 46: Formulation of Ad-PEl/DNA particulate composite and 
subsequent modification with CD-PEG 

1 ug ofplasmid DNA (0. 1 ug/pL in dHjO) is mixed with Ad-PEI of 
20 Example 42 at a 5 •+•/« charge ratio, CD-PEG (dissolved in. dH 3 0) of Example 
46 is then added to the complex at the desired CD: Ad ratio, 

Example 47: Stabilization by PEGylation: Formulation at High 
Concentrations 

25 4 ug ofplasmid DNA was mixed with an equal volume of polymer 

m\tuuu j i c iodex tries pol met \2 i i2"> t am and, in 

some cases, Adainantane-PEGj aw or FEG, f;s , x >at 1. CD:1 PEG 50<X) ) at various final 
DNA concentrations ranging from 0.1 mg/mL to 4 mg/ml (See Figure 14}. 
Half of the solution was diluted with 1.2 ml of water and diameter determined 

30 by dynamic light scattering. The other half of the solution was passed through a 
Qiagen Qiaquick column to extract the DNA remaining in solution. The DNA 
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concentration was determined by UV adsorbanee at a,~260. 

Results (Figures 15 and 16): Small and uniform particulate composites 
(diameter < 100 nm) modified with Adamantane- PEG Si>:;<1 can be formulated at 
concentrations up to and including 4 rag DNA /mL without precipitation. 
5 Unmodified polyplexes form large particles (>300 run) at concentrations greater 
than 0.2 mg/mL and extensive precipitation is observed (>S0% DNA loss) at ail 
formulation concen (rations. 

Example 48: Inhibition of non-specific uptake by polyplex 

10 ■surface modification 

BHK-2I cells were plated in 6 -well plates. Cells were transfected with 
3 pg of FTf C-Oligo (final concentration of transfection mixture: 0.05 mg 
DNA/mL) completed with an equal volume of 12 at 2.5 +/~ charge ratio 
12/DNA. The particulate composites were then modified with the following 

15 linkers: 

Anionic Linker: WEAALAEALAEALAEAC 
Ad-anionic linker: Ad- WEAALAEALAEALAEAC 

Ad-PEG Ad-PEG*™ 
20 Ad-anionic Unker-PEG Ad4¥EAALAEALAEALAEAC-PEG w , 

1 mL of optimem was added to the transection mixture and the total 
solution transferred to prewashed BHK-2! cells (rinsed with PBS) for 15 
minutes. Media was then removed and cells washed with Cell Scrub, irypsinized 
25 and prepared for FACs analysis. 

Results: The inclusion guest (adamantane-). spacer (anionic linker), and 
functional group (PEGD S!K , 0 ) work to modify 12/DNA particulate composites 
and inhibit nonspecific uptake into cultured cells. See Figure 1 7. Optimum 
inhibition is achieved with the combination of all three components, 

30 

F\ampi«f49: Ga'lactos* ma cells 

HepG2 cells were plated in 24-weIi piates at 50,000 cells/weU. 1 fig of 
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indicated below. Modification w tth PEG - containing coi ple> ,v ig agents was 
done at a 2:1 CD:PEG ratio, where CD represents the cycloclextins in 12. 

5 1 2/pcMV-Luc particulate composite No Modification 

Glu -PEG -Pep-Ad Glucose-PEG 5m .-CAEAEAEAE-Ad, 2 CD; 1 PEG 

GahPEG-Pep- Ad Galactose-PEG :M0 ,-CAE AEAEAE-Ad, 2 CD: 1 

PEG 

PEG-Pep-Ad PEG^-CAEAEAEAE-Ad, 2 CD: 1 PEG 

10 

200 ,uL of Optimem was added to each transfection mixture and 
transferred to each well of cells. 4 hours after trans.fecti.on, 800 u.L of complete 
media was added to each well The media was removed, cells washed with PBS, 
and 1. raL of complete media added to each well 24 hours after transfection, 48 

IS hours after transfection cells were washed with PBS, iysed and analyzed for 
luciferase activity. The described transfection procedure was also executed in 
the presence of 1 mM glucose or I mM galactose as a competitive inhibitor. 

Results: Particulate composites modified with Glu-PEG-Pep-Ad or 
PEG-Pep- Ad have a negative zeta potential and therefore do not readily 

20 transfeet ceils. However, polyplexes modified with Gal-PEG-Fep-Ad show 
enhanced transfection that is inhibited in the presence of free galactose, thus 
demonstrating gaiactose-raediated transfection into hepatoma cells. See Figure 
18. 

25 Example 50: Synthesis of a diadamantane compound. 

Reference; Bresiow, et al. JACS (1996) vl 1. 8 p8495-8496. 

Zhang et al JACS (1993) vl 55 P 9353~93S4 

Anhydrous pyridine (5 mL) was put in a reactor containing a small 

m: t netic stirbar ar d cooled ru'- v. i ( I < 1 mL) 

30 was added dropwise. The mixture was kept cold for another 15 minutes during 

uhicn a precipuiu oi N-rre;S - > .ate formed 

Adamantane ethanol dissolved i n 5 mL of pyridine was added to t he reactor and 
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the reactor sealed after the reaction mixture was frozen. The resulting mixture 
was stirred overnight at room temperature. The sealed reacted was then opened 
and the resulting mixture was poured into 10% sodium bicarbonate (50 mL). 
This resulting solution was then evaporated in vacuo. 800 mL of water was 

S added to the remaining solid and product extracted w ith 1 50 mL ether. The 
aqueous phase was acidified with 2 N HC1 to pH - 1.4 and then extracted with 3 
x 150 mL of CHCI^nBuOH (7:3). The organic layer was washed with water 
and the mixed solvents were evaporated in vacuo to form a solid phase. This 
solid was recrystallized with acetone/hexane, affording a white solid with 27% 

1 0 yield. Ekctrospray mass spectroscopy analysis revealed the pure, desired 
product. 

Example 51 : Synthesis of Diadamantane-PEGSOOO 



15 




Diadamantane-P£G Si&(1 

Diehforomethane was dried over CaH, at reflux overnight, then freshly 
20 distilled before using it in the reaction. To a stirred solution of PEG-epoxide 
(MW 5000) in freshly distilled dichioromethane (0,2 ml,} was added slowly a 
solution of the bis (2-(Ladamantyl)ethyl phosphate (the diamautane compound 
described in Example 51) in 0.4 mL dichioromethane. The resulting solution 
was stirred at 35 degrees Celsius for 4 days. The solvent was removed in vacuo 
25 until dryness. 6 mL of water was added to the solid formed, wh ich generated a 
precipitate. The resulting mixture was stirred for half an hour at room 
temperature and then centrifuged to eliminate the solid (uoreacted diadamaatane 
compound). The supernatant was dialyzed overnight against a 3S00MWCO 
membrane in water and Syophiiized to dryness, which afforded a white solid 
30 with 99% yield. MaldiTof analysis revealed the desired product. 
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Example 52: Competitive Displa nent Expe m its ween Ad-PBG M0(( and 
diadaman t ane-P EG iOW) : 

Competitive adsorption cm > fled by adding a 

5 solution of djAdPEG sw0 to a pre-forrocd composi tion of AdPEG^, polymer, 
and DNA. A salt solution, was then added and particle size was measured as a 
function of time. 

The initial was formed by addition of a 12 solution (16,6 uL water + 
2,61 pL of It at 5 mg/mL + 2.37 pL of AdPEG3400 at 12.5 mg/mL) to a DNA 
10 solution (20 pi of DNA at 0. 1 mg/mL}. Characteristics of this composition 
solution are as follows; 

[DNA] - 0.05 mg/mL 
Molar ratio of AdPEG J4!Xl : CD « 1 A 
15 Charge ratio = 3+/- 

TotaS formulated volume - 40 pi. 

This composition was allowed to incubate 10 minutes before die 

addition of di-AdPEG5K. solution (10 mg/mL), The volume of this solution 
20 was determined so that the molar ratio between diAdPEG5000 and AdPEG M0C 

was lily 1:2,1 ;4> or 1:6. For example, when the ratio was 1:2, 2.38 pL of 

diAdPEG 500ii solution was added. 

After another 10 minutes of incubation, 1 .2 mL of water was added to 

dilute the so it could be read by the DLS instrument. Particle size was measured 
25 for 1 0 minutes and then 600 uL of ix PBS was quickly mixed into the 

composition solution. Particle size was then observed each minute for the next 

30 minutes. 

For comparison, two other composition solutions were formulated. In 
one case, no diAdPEG i(Kfl> was added. In the other, no AdPEG,^,, was added. It 
30 can he seen that under these conditions, the paniculate composite size is not 
stabilized with the use of AdPEG !4>3c .. Salt causes the average particle diameter 
to increase from 70 rxm to 350 nm over the coarse of 30 minutes. However, 
li \dl I 1 S lone does show stabilization to salt. Particle size remains 
constant after the addition of salt solution. This is true even when the 
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diAdPEGSK is present at 1/6 the amoi i dPEG340 f ult re shown in 
Figure 1.9. 

Example 53: pH sensitive Adamantane-PEG modifier 



1 0 decreases when either the guest or host is charged. For example, the protonated 
forrti (neutral form) of adamantanecarboxylic acid has an association constant ~ 
500,000, whereas the unprotonated (anionic) form of adamantanecarboxylic 
acid has an association constant -30,000. This can be used to incorporate pR« 
sensitive behavior to a material containing inclusion compounds. For example, 

15 a can be modified with an adamantane-PEG (Ad -PEG) compound containing a 
secondary amine close to the adamaniane. The Ad-PEG compound would have 
high affinity for the at physiological pH but would be more easily released at 
acidic pH, as would be experienced inside ceil endosomes. The facilitated 
unpackaging in the endosomes would promote DNA release have cellular 

20 internalization of the polypiexes, 

Synthesis of pH-sensitive, hydrolvsable Adamantane-PEG modifiers. 

PEG5fc-NK, (132 mg, 0.0264 mmol) was dissolved m water and cooled 
to 0 °C. To the mixture was added NaOH solution <5N, 0.053 ml, 0.264 mmol, 
25 10 eq) and l-adamantyl fluoroformate (52 mg, 0.264 mmol, 10 eq) THF 

solution (3 tnt). The mixture was stirred at such temperature for five minutes 
and then wanned up to room temperature and stirred for two hours. Till- was 
removed under vacuum. The non-soluble solid was removed by eentrifugation. 
Ihe email f P i MWCO 3 500 

30 membrane and dialyzed against water for one day. The resulting Adamantatie- 



5 




0 



The association constant between an inclusion compound guest and host 
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earbamaie~PB< - > ' The structure of 

this compound was confirmed by ! H NMR, HPLC and MALDI TOP MS. 

Synthesis of hvdroivsahle Adamantone-SchiffgagfidEBS. 
5 PEG5K-ALP and 1 -adamanianemethylaraine (I eq) are mixed in 

methanol. A few drops of formic acid is added the mixture as the catalyst for 
the formation of Schiff Base. The mixture is stirred at 60 °C for 12 hours and 
then solvent is evaporated under vacuum. The mixture is dialyzcd in water to 
yield the desired Adamantane-Schiff Base-PEGSk. 

10 

Example 55: Synthesis of AdamantaneT>EG~Transfemn (Ad-PBG-Tf), Figure 
20 

15 ~ ; - I ~ J 

Step 1 ; Synthesis of Ad~PEG-Mii-NH 2 

FMOC-NK-PEG^rNHS (Shearwater Polymers, 0:2 mmoi, 1 g) was added 
to a round bottom flask equipped with a stir bar. To this was added terf-butyi 

20 carbamate (Atdrich, 1.6mmo3 5 0.2 U2g) dissolved in 7 mh of 
dicWoromethane/Ethy! acetate (1 : 1). The resulting solution was stirred overnight 
at room temperature. The next day, tire solvents were removed in vacuo. The 
FMOC group was removed by dissolving the resulting solid in 10 mL of 20% 
psperidine in dimethylformaraide for 5 hours. The solvent was removed in vacuo 

25 and the residue was redissolved in water. The resulting solution was centrifuged 
to remove the undissolved FMOC group and then dialyzed overnight in Pierce's 
Slide- A-Lyser, 3500 MWCO- The solution was then lyophilized to afford 790mg 
of HjN.PEG^-NH-NH-CaO/Bu. 

N-Hydroxysuceinimide (Aldrich, 0.24mmol, 27.3nig) and 

30 Adamantanecarboxylic acid (AkWch, 0.39romoh 71 .2mg) were then added to H 2 N- 
P£G**»-NH-NH-CO-0/Bu (2). (G.I6mmol, 790mg) dissolved in 7 mL of 
dichloromethane. To this resulting solution was added 1,3- 
Dkyciohexylcarbodiimide (Aldrictv Lomntoh 0.326g) dissolved in 3 mL of 
dichloromethane. '.Hie resulting solution was stirred overnight at room temperature. 
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The next day, the solid formed was filtrated on a fee glass frit and the filtrate was 
concentrated on a rotary evaporator under vacuum. The residue was dissolved in 
lOmL of water and centrifugal to remove the unreacted adamantaneearboxyiic 
acid. The solvent was removed in vacuo and the residue, was redissolved in 6 mL 
5 of 4M .{ LCI in dioxane in order to deprotecf the t-Butoxycarbonyi group. The 
resulting solution was stirred at room temperature for 4 hours. The solvent was 
then removed in vacuo and the residue was redissolved in water. The resulting 
solution was dialyzed overnight in Pierce's SBde-A-Lyser. 3500 MWCO and 
lyopbiiized to afford 635mgof Ad-FEG^-NH-NHj. 
1 0 Step 2: Transferrin- PEG-Ad conjugate synthesis 

A solution of 1 OOmg ( 1 .28 umol) of Human Transferrin (iron poor) (Sigma- 
Aldrich) in 1 mL of a 30 mU sodium acetate buffer (pH 5) was subjected to gel 
filtration on a Sephadex G-25 (Supelco) column. The resulting 4 mL of solution 
1 5 containing Transferrin (monitoring: UV absorption at 280am) was cooled to 0*C 
and 80 uL of a 30 mM sodium acetate buffer (pH 5} containing 4 mg (19 wmoi) of 
sodium periodate was added. The mixture was kept in an ice bath and in the dark 
for 2 hours. Forteroaval of the low a»W#-w«aght products an additional gel 
filtration (Sephadex G-25, 30 mM sodium acetate buffer (pH 5)) was performed. 
20 Tins yielded a solution containing about 85 mg (1.09 pmol) of oxidized 
Transferrin. The modified Transferrin solution was promptly added to a solution 
containing 54.5 mg (10.9 ptnol) of Ad-PEG^-NH-NK, in 1 mL of 100 mM 
sodium acetate (pH 5). The resulting solution was stirred overnight at room 
temperature. The pH was then brought to 7.5 by addition of 1 U sodium 
25 bicarbonate and four portions of 9.5 mg ( 1 50 umol) of sodium cyanoborohydride 
each were added at lh intervals. After 18h, the PEGyiated Transferrin was purified 
and concentrated using a Centricon YM-50,000 NMWI device (Millipore). 

Step 3: iron-loading of Transferrin-PEG-Ad synthesized by transferrin 

30 oxidation . 

40 mg of apo-transferrimbased compound (apo-transxemn or apo- 

transfemn-PEG-Ad) was dissolved in 700 pL of dH 2 0. To this solution was 

added 200 uL of 5 mM Iron Citrate and 100 uL of 84 mg/mL NaHCOj. This 
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solution was allowed to stand for 2-3 hours and then dialy?ed agamst PBS 
overnight. The iron-loading efficiency was calculated by determining ratio of 
adsorbance at 465 nm (from the oxidized iron) to the ratio of adsorbance at 280 
nm (from the tryptophan residues in the protein) and normalizing to the 
5 A« 6S /Aj W ratio of commercially avadabk i io- t) isferrin,. The iron loading 
efficiency for transferrin, transferrin in the oxidation bit ffer (sodium acetate pH 
5) and freshly oxidized transferrin was determined and shown in Figure 21 . 
Oxidization of the transferrin reduces the iron loading efficiency of the protein. 
Step 4; Binding affinity of Tr&tsferrin-PEG-AD (synthesized by 

1 0 transferrin oxidation) to transferri n receptors on PC3 eel Is 

PC3 cells were incubated with 250 nM fi u orescein- transferrin (FITC- 
TF) with various amounts of unlabeled transferrin and transferrin--! 1 EG- Ad. 
FiTC-hTF cell association was assessed by FACS analysis. Unlabeled 
transferrin competes very efficiently with the FIT C-hTF, whereas the 

1 5 transferrin-PEG-AD competes very poorly with F!TC-hTF 5 most likely due to 
reduced affinity for the receptor. The results are shown in Figure 22. 

Example 56: Transferrin coupling via Lysine groups* Figure 23. 

20 Step 1 : Synthesis of VS-PEG^-Ad 

Vbylsulfonc-PBG^-NHS (Shearwater Polymers, 0.147 mmol, 0,5g> was 
added to a round bottom flask equipped with a stir bar and dissolved in 5 mL of 
DMSO, To this was added Adamantanemethylamme (Aldrich, 0.147 mrao.1, 0.0243 
g). The resulting solution was stirred Ih at room temperature. The solvent was 

25 removed in vacuo and the residue was redissoived in water. The resulting mixture 
was dialyzed overnight against 1000 MVVCO Membrane (Spectra Por). The 
solution was then lyophilized to afford 0.49 g of Viuylsulfone-PEG-^^-Ad. 

Step 2: Transterrirs-PEG-Ad (Tf-PEG-Ad) conjugate synthesis 
30 A solution of 250 mg (3.21 wmol) of Human Transferrin (iron poor) 

(Sigma-AIdrich) in 10 mL of a 0.1M sodium tetraborate buffer (pH 9.4) was added 
1 09 mg (32. 1 pmol) of Vinylsul fone-PEG^-Ad. The resulting solution was stirred 
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u f * ,< i t £ r ' f.i fhe. PE( , im.i 1 ... purified i n the 
nnreacted Vinylsolfone-PEG^-Ad using a Centricon YM -50,000 NMM device 
(Miliipore) and from the unreacted Transferrin using a Hydrophobic interaction 
Column Butyl-650S (Tosoh Bipsep) (confirmed by HPLC and MAL1-TOF 
5 analysis). 

Step 3: Iron -loading of Transferrm-PEG-Ad synthesized by coupling via 
lysine groups 

Apo-transferrin and Tf-PEG-Ad were iron-loaded according to the 
10 procedure described in Example 55, The extent of iron-loading was quantified as 
described. The iron-loading efficiency of Tf-PEG-Ad synthesized by coupling via 
lysine groups was nearly 100%, 

Example 57: Binding affinity of Transfemn-PBG~AD (synthesized by coupling 

1 5 via lysine groups) to transferrin receptors on PCS cells 

PCS cells were plated in 6 well plates at 125,000 cells/ml After 24 
hours, the cells were exposed to 250 aM FITC -Tf mixed with various 
concentrations ofhTf, hTT-PEG-Ad (synthesized by oxidation ofhTf), hTf- 
PEG-Ad (synthesized by VS- lysine reaction and punned) and hT.f-(PEG-Ad)j 

20 (synthesized by VSTysine reaction and purified), Uptake after 20 minutes 
exposure was determined by FACS. Unlike the Tf-PEG~ At> synthesized by 
transferrin oxidation, the Tf-PEG-Ad compounds synthesized by lysine 
coupling competes effectively with the FlTC-'ff for receptors on the PC3 cell 
surfaces, Results are shown in Figure 24. 

25 

Example 58; Zeta potential of Tf-modified poiyplexes 

An equivolume aliquot of 12 was added to an aliquot of plasmid DNA 
(2 pg DNA, 0.1 mg/mL in water) at a 3+/- charge ratio to form the particulate 
composite. Holo-transferrin or hoio-TT-PEG-Ad ( 1 ? mg/m.L in water) was then 
30 added to the particulate composite. The particles were diluted by the addition of 
1 .2 ml ofwai eta pote termined b jments on a ZetaPais 

dynamic light scattering instrument (Brookhaven instruments). The results are 
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shown m Figure 25. The unmodified holo-transferon associates with the 
particulate composites by electrostatic interactions. When 2 araol Tf/ug DNA 
is added, the particulate composites approach neutrality. The ho ^Transferrin- 
PEG-Ad (designated Tf-PEG-Ad in Figure 25) is likely to associate to the 
particulate composites by both electrostatic and inclusion compound 
interactions. Therefore, there is a higher association of hoio-Tf~PEG-Ad with 
the particles, as evidenced by the continued decrease in zeta potential of die 
modi Red particles with higher concentrations of holo-Tf-PEG-Ad. At 2 nmol 
Tf/ug, particulate composites modified with hok>Tf-PEG-Ad are negatively 
charged (zeta potential —7 mV). 

Example 59; Synthesis of AO-Phos-PEG^-Galactose 



"-"-ok 



w %J Sl 



Compound numbers below refer to the above scheme, 

I, Synthesis of Adamantancphosphonic Acid. 2. Dibcnzyl phosphite 
(0.712 g, 2.7 i mmol) was syringed into an argon protected 1- 
adamantanemethyiamme (0.493 g, 2.98 mmol) solution in dry CCl, White 
precipitate was observed almost immediately after addition of dibenzy! 
phosphite. The solution was stirred for 1 2 hours. To the mixture was added 
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tl 50 mL). 1 ii < t ! i ut vatei i » 

4) twice (2 x 40 roL), The organic phase was then dried with MgSO*. The 
solvent was evaporated under -vacuum. The resulting white solid was 
crystallized using a solvent mixture of CHX'.U and hexane. Needle crystals 
5 (0.59 g) 1 were obtained in 60% yield. The crystal was subjected to 

hydrogenation using 10% Pd/C (200 mg) with hydrogen at a pressure of 1 5 psi 
in ethano! (40 tttL) for 16 hours. Catalyst was removed by filtration. The 
filtrate solvent was removed by vacuum. Quantitative yield of 2 were obtained. 
The resulting compound 2 was used without further purification. 

10 

Ii Synthesis of NH r PEG SOjS fGa3actose 4. FMOC-NH-PEG $<50(1 -NHS 
(Shearwater, 760 mg, 0.152 mmol) was dissolved in DMSO (3,7 mL). To this 
solution was added a solution of galaetosamine (385 mg, 1.52 mmol} and 
diisopropylethyiamine (0.264 mL, L52 rnmol) in DMSO (34 mL). The solution 

1 5 was stirred for 20 minutes and then dialyzed in water (4 x 4L) using 3500 
MWCO membrane (Spectra/Por 7, Spectrum Lab, Inc.) lor 24 hours. The 
solution was then lyophifeed to afford 745 mg FMOC~NH-PEG 50or GaSactose 
% 3 was dissolved in DMF (32 mL) containing pjperidine (3 ml). The solution 
was stirred for 16 hours. DMF was then removed under high vacuum. To the 

20 resulting solid was added 40 mL water. The white solid was removed by 

centn'fugation, The aqueous solution was dialyzed in water (4 x 4t) using 3500 
MWCO membrane (Spectra/Por 1, Spectrum Lab, Inc.) for 24 hours. The 
solution was i> ophsi ed to fford 625 mg Nil- PFG ~{ ialacti >se 4 

25 HI. Synthesis of Adamantane-Phos-PEG Wji(! -Galactose 5, 4 (63 mg, 

0.013 rnmol) is d 3 > 3 in imidazole buffer solution (1 mL, 0.1 N, pH~ 6.5). 
To this solution is added a solution of 2 in CH,CN (4 mL), and then followed by 
the addition of 1 -Ethyh3-(3-dimethy{arninopropyl)carbodiiniide Hydrochloride 
(BDC, 1 00 mg, 40 eq.). The solution is stirred for 16 hours at room temperature. 

30 The solution is dialyzed in water (4 x 4L) using 3500 MWCO membrane 
(Spectra/Por 7, Spectrum Lab, Inc.) and then iyophilized to yield 5. 



92 



WO 02/4W6 



PCT/IJSO 1/48620 



Example 60: Synthesis of AD-Glu-G i u - PEC5 .^-Galactose 




Compound numbers below refer to the above scheme. 

1. Synthesis of H-Glu-GIu- Adamantane 7. H~Ght(Bn)-QH (3 .S3 g, 15 rtimoS) 
was dissolved in v. ater t 1 6 nv..} containing ; sdium bicarbonate (1.26 g, 15 

1 0 namol). To the- mixture was added 2-GSu(Bn)-OSu (4.68 g, 1 0 mrool) in THF 
(30 ml). To the mixture was added another 30 mL THF, 20 rat GHjCN and 
then 2N NaOH 1.0 m.L. The solution was stirred for 16 hours at room 
temperature. THF and CH>€N was evaporated under high vacuum. To the 
aqueous mixture was added 1 N MCI to adjust the pH to 3. Precipitation was 

15 observed. The mixture was extracted with chloroform (3 x 30 mL). Hie 
organic phase was dried with MgSO,.. MgSO* was removed by filtration. 
Organic solvent was evaporated to give white sticky solid 6. 6 was used for 
next step reaction without further purification. 

6 (3,51 g, 6. 1 mmol) was dissolved in dry THF (40 mL). To this 

20 solution was added 1 -adamantanemethylaraine (1 ,007 g, 6.1 mmoi), 1- 
hydrox>K 1 )t i >k (0 ^3 g, 6. 1 mmol), DCC (1.32 g, 6.4 mmoi), and 
this prop lethylamine (1.06 ml, 6.1 mmol rnd rg< fC The mixture 
was then warmed to room temperature and stirred for overnight Precipitate was 
filtered. THF was then removed under vacuum to yield a yellow solid. The 

25 yellow solid was crystallized in methanol to give plate crystals 6 (2. 1 g, 49%). 
6 was then dissolved in 40 rat methanol and shaken in a hydrogenation 
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apparatus in the presence of 200 mg 10% Pd/C under .25-30 psi hydrogen. 
Catalyst was filtered off after 24 hours. H-Glu-Glu-AD 7 was obtained in 
quantitative yield after methanol was removed under vacuum. 7 was used 
without further purification. 



II Synthesis of AD-Glu-Giu-PBG 5W ,-Ga!actose 9. Viny1sulfone(VS>.PEG 5e0 o- 
NHS (Shearwater, 423 mg, 0,085 mmoi) and galactosamine (216 mg, 0.85 
ramol) were added to a PBS solution (2.25 mL, Ix, pH 7.2), The solution was 
stirred for 3 hour and then diaiyzed in water (4 x 4L) using 3500 MWCO 

10 membrane (Spectra/Por 7, Spectrum Gab, inc.) for 24 hours. The solution was 
then lyophilized. The product 8 was analyzed using MALDf-TOF and HPLG. 
8 was dissolved in a borax buffer solution (6 mL ? 0. 1 N, pH 9.4). Compound 7 
(121 mg) was dissolved in DMSO solution (2 ml) and then added to the 
polymer solution. The mixture was stirred at 35*0 for 1 6 hours and then S0°C 

15 for 7 hours. HPLC was used to monitor this reaction. The polymer was 

diaiyzed using 3500 MWCO membrane and lyophilized to give 4 1 9 mg AB- 
Glu^Giu-PEG^^-Galactase 9 in 90% yield. 

Example 61; Synthesis of AD-Gl«-Glu-PEG W 

20 



Synthesis of AD-G! u- Gl u-ntPEG 5ii0G 10. mPEG^-SPA (Shearwater, 
300 mg, 0.06mtnol) and 7, Example 60, were dissolved in DMSO (2 mi) and 
25 CHjCN ( 1 mL). The mixture was stirred at room temperature for 24 hours. The 
solution was then diaiyzed in water (4 x 4L) using 3500 MWCO membrane 
(Spectra/Por 7, Spectrum Lab, Inc.) for 24 hours. The solution was lyophilized 
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to give 276 nig Ad-Glu-Glu-mPEG.^ 10. 10 WM CGafimied fcyMALDI--TOF 
MS, HFLC, and ! H NMR. 

Example 62: Formulation of transferrin and PEG- .modified polypJexes 
5 Polyplexes (polymer to DNA charge ratio of 3 +/-) modified with Tf- 

PEG-AD (or Tf-(PEG-AD) 2 ) and PEG-AD (or PEG-Glu-Glu-AD) can be 
formulated as follows. Equal volumes of all components are used. Tf-PEG- 
AD(or Tf-(PHG-AD) 3 ) in water is added to a solution of 12 in water. To this 
mixed solution is added an aliquot of PEG-AD (or PEG-Glu-Giu-AD). The 

10 ternary mixture of polymers is then added to DNA solution. The solutions are 
mixed gently by pipeting and particle size, zeta potential, and salt stability 
determined as described previously. The zeta potential of the particles can be 
tuned by varying the relative ratios of Tf-PEG-AD (or Tf~(PBG-AJ>) 2 ) vs. PEG- 
AD (or PEG-Glu-Glu-AD), Some examples of zeta potential variation and 

15 particle size as a function of particle modification is shown in Figures 26, 27, 
and 28, 

Example 63 : Adamamm4Mimanlepeptide~PBG^gahcto$e/giuco8e (AD-pep- 
PBG-gal/glu). An anionic peptide (sequence: E- A-E-A-Er A-E- A-C) was 

20 synthesized by the Biopolymer Synthesis Facility {Bookman Institute, 

California institute of Technology) using an automatic synthesizer. Before 
cleaving the peptide from the resin, adaraantaue-carboxylic acid (ACA, Aldrich) 
was conjugated to the N-terminal end of the peptide with DCC coupling 
Chemistry. The resulting peptide (ACA-E-A-E- A-E-A-E-A-C, MW 1084) was 

25 cleaved from the resin and analyzed by Maldi~TOF. 

Galactose- ami glue se-PBG < , lft ! d/ghi-PBG :M VS) were 
prepared with approximately 95% yield by reacting NHS- PEG 34(i0 -VS 
(Shearwater Polymers) with 20 equivalents of glucosamine or galactosamine 
(Sigma) in phosphate-buffered saline, pH 7.2 for two hours at room 
30 temperature. The soiul ion vs i st watet and then 

lyophilized. The thiols of the anionic peptide (two equivalents) were reacted 
with galaetose-PBG^-VS or glucose- PEG W; - VS in 50 mM sodium borate 
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buffer (pH 9.5} containing 10 raM TCEP. The solution was acidified and the 
precipita ed peptide i >lul belo pB 1,1 as i noved by centrifugation, 
The supernatant was collected, dialyzed extensively, and lyophifeed. The 
desired products were confirmed by Maidi~TOF analysis (schematic shown 
5 below). 




AD-pep-FEG-giucose 



.Example 64: Synthesis of Naphthalene-P£G S() 



K 

500 mg of PEGjom-NHS (0.1 mmol, Shearwater Polymers) is added to a 
glass vial equipped with, a stirbar. To this is added 1 46 pL of 1 - 
N . .f thi u» 1 eth i amine { I mmol, 10 eq. Akirich) dissolved in 8 nit of 
dicholoromethane, and the solution is stirred for id hours. The solvent is then 
removed under vacuum. To the mixture is added 20 ml water. Non-soluble 
residue is ensoved by cent! au Hk ujueou lution s dialyzed in 
w. tra/Poj J5 )MWCOd n is membrane for 24 hours. The solution is then 
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>!) i . ' 1 i white flu d< p ne-P f ' j t i 

analyzed using IB NMR, MALD1 TOF MS, and reverse phase HPLC 
NaphthaJene-PEGj^jis synthcsi ed ising imilar protocol (56' \ -id, product 
confirmed by Maids -TOF analysis). 

Example 65: Synthesis of Naphthalene r Ls 500< • lactt 5e 




K NHS (She ei\4 S si 

galactosamine (21 6 mg. 0.85 mmol) were added to a PBS solution (2.25 mL> 
lx, pH 7,2). The solution was stirred for J hour and then dialyzed in water (4 x 
4L) .using 3500 MWCO membrane (Spectra/Por 7, Spectrum Lab s Inc.) for 24 
hours. The solution was then fyophilized to yield Vinylsul.lone-PEG S6£K: - 
Gaiactose. The product was analyzed using M.ALD1-TOF and HPLC. 
Vinylsul&ne- PEG j, ;sl - Galactose 300 tag (0,06 mmof) is dissolved in a borax 
bitter solution (3 mL, 0,1 N, pH 9.4). i-Haphthalenemelhylamine (8.8 pL, 
0.06 mmol) Is dissolved m DMSO solution (3 ml) and then added to the 
polymer solution. The mixture is stirred at 55*C for 36 hours. The polymer is 
dialyzed using 3500 MWCO membrane and lyophilized to give Naphthalene- 
PEGj^rGalaciose. 



It should be understood that the foregoing dh u^sion and examples merely 
present a detailed description of certain preferred embodiments, it will be 
apparent to those of ordinary skill in the art that various modifications and 
25 equivalents can he made without departing from the spirit and scope of the 
invention. All the patents, journal articles and other documents discussed or 
cited above are herein incorporated by reference in their entirety. 
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The claimed invention is: 



I. 



An adamantane derivative of the formula: 




L a ■ I i I if ^ mill— J y 



5 



wherein 



I is -NH-, -C^ONR-fCaV, -NH~CeO)-|CH|>) ir , -CH 2 SS«, -C(-0)0- 
-iCH J ) ( ~0-P(-OXO-(CH 2 .VAd)0- 1 



-NH-(C-0)-CH(R , )-NH-(C-0)-Ce(R < >-NH- ; 
Ad is adamantyl; 

1 S R ! is -{CH 2 ) a -C0 2 H ? an ester or salt thereof; or -(CH J a -CONH,; 

PEG is -0(CHXHjO) r , where z varies from 2 to 500; 

L is H, -NH„ -NH-(C=0h(CH ? HC=O)-CH r . -S(<» r HC<:H r . -SS-, - 

C(~0)Q- or a carbohydrate residue; 

a is 0 or I ; 
20 b is 0 or I; 

d ranges from 0 to 6; 
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a peptide or polypeptide residue, or 
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« ranges from 1 to 6; 
y is 0 or 1; and 
x is 0 or 1 . 

5 2. A composition comprising a particulate composite of a polymer and a 
therapeutic agent and an inclusion complex of said, poly mer and a completing 
agent having a functional group. 

3. A composition of claim 2, wherein said polymer has host fun 
10 aid cc | snt has guesl nctionaiit> 

4. A composition of claim 2. wherein said polymer has guest functionality 
aind said complexing agent has host functionality. 

1 5 5. A composition of claim 2, wherein said polymer has host and guest 

functionality and comprising a mixture of complexing agents having guest and 
host functionality. 

6. A composition of claim 3, 4, or 5 wherein said host functionality is 

20 selected from the group of cyclodextrin, a carcerond, a cavitanal, a crown, ether, 
a cryptand.. a cucurbiturii, a calixerane, a spherand or a mixture thereof. 

7. A composition of claim 3, 4, or 5 wherein said completing agent .further 
comprises a spacer group. 

25 

5. A composition of claim 3, 4, or 5, wherein said inclusion guest, is selected 
from the group consisting of adamamane, diadamaotane, naphthalene, and 
cholesterol. 

30 9, A composition of claim 8, wherein said host functionality is a cyclodextrin 
and said inclusion guest n adamanta t s; < idamantane. 
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10. A composition of claim 2, 3, 4, or 5 s\ hei d ma! gi oup of said 
.functional group is a iigand, nuclear localization signal, endosomai release 
peptide, endosomai release polymer, a second therapeutic agent, a stabilizing 

5 polynia „« philic polymei fo.$ stabilization or a mixture thereof; and said 
spacer group is selected from the group consisting of: a direct link, a phophate 
group, and polyethylene glycol and a short anionic peptide sequence. 

1 1, A composition of claim 2, 3, 4, or 5 wherein said therapeutic agent is 

10 selected front the group consisting of an antibiotic, a steroid, a polynucleotide, 
small molecule pharmaceutical, a viruse, a plasm id, a peptide, a peptide 
fragment, a chelating agent, a biologically active macromolecuie, and mixtures 
thereof. 



15 12, A composition of claim 1 1 , wherein said therapeutic agent is a 
polynucleotide, 

13. A method of delivering a therapeutic, comprising the step of administering 
to a person in recognized need of the therapeutic agent a therapeutically 

20 effective amount of a composition of claim 2 S 3, or 5. 

14. A method of preparing a composition comprising the step of: 
combining a therapeutic agent, a polymer having host and/or guest 

functionality, and a complexing agent to form the composition, wherein said 
25 polymer and said therapeutic agent form a particulate composite and said 
polymer and said complexing agent form an inclusion complex. 



15. A method of claim 14, wherein said therapeutic agent is first combined 
with said polymer to form said particulate composite and said particulate 
30 composite is then combined with said complexing agent such that said polymer 
and said complexing agent form an inclusion complex. 
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16. A method of claim 14, wherein said polymer is first combined with said 
c< >n ph dn< tgent to form and inclusion complex and said inclusion complex is 
combined with said therapeutic agent such that said polymer and said 

5 therapeutic agent form said particulate composite. 

17, A composition comprising a particulate composite of a cyclodextrin 
containing polymer and a therapeutic agent and an inclusion complex of said 
cyciodextrin polymer and a eompiexing agent comprising an inclusion guest 

10 selected from adamantane and di adamantane and a functional group. 

1 8, A composition of claim ! 7, wherein said therapeutic agent is selected from 
the group consisting of an antibiotic, a steroid, a polynucleotide, small molecule 
pharmaceutical, a viruse, a plasmid, a peptide, a peptide fragment, a chelating 

15 agent, a biologically active macromolecule, and mixtures thereof 

19. A composition of claim 18, wherein said therapeutic agen t is a 
polynucleotide. 

20 20. A composition of claim 17, Wherein said eompiexing agent is an 
adamantane derivative of the formula: 



25 wherein 

J is -NH-, -C^NH-ICH,),-, -NH-C{=0)-(CH 2 ) d -, -CH 2 SS- 5 -€(-0)0- 
-(CH 3 ) e -0-P(=0)(0^(CS :! )^Ad)0-, 
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PEG 




5 Ad is adamantyl; 

R 1 is -(CHjVCOjH, an ester or salt thereof; or -(CHjVCONH 2 ; 

PEG is -0(CH ? CH,Q) r> where % varies from 2 to 300; 

L is H, -KH,, -NH-(C>0>(CH ? V(C-0)-CH r , -S(-0) r HC=CH>-, -SS-, - 

C(=O)0- or a carbohydrate residue; 
10 a is 0 or J, 

b is 0 or ! ; 

■d ranges from 0 to 6; 

e ranges from 1 to 6; 

a ranges from 0 to 6; 
15 y isOoH;aad 

x is 0 or ] . 

21. A method of delivering a therapeutic comprising the step of administering 
to a person in recognized need of the therapeutic agent a therapeutically 

20 effective amount of a composi tion of claim 1 7, 1 8, 1 9, or 20. 

22. A compound of the fomtula: 
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J is -NH-, -CC-ONH-iCHj),-, -NH<!(-0)-{CH 2 ) d -, -CH 2 SS-, -C(-0)0- 
5 <CH 2 VO~P(=0)(0-(eH,VY)0--, 



PEG 




a peptide or polypeptide residue, or 
1 0 -Nl-T-(C=0)-CR(R , )-NH-(C>0)-C.H(R l )--NHs 
Y is an additional host/guest .functionality; 

R ! is -(CH 2 ) 4 -C0 2 H, an ester or salt thereof; or -(CHj) r CONB ? ; 

PEG is -OCCHXiLO},-, where z varies from 2 to 500; 

L is a -NH, -NH-(C=0)-(CH,X-{C-0)-CH.,-, -S<-0) r HC=CH r , -SS-, - 
1 5 C(=0)0-or a carbohydrate residue; 

a is 0 or I ; 

b is 0 or 1; 

d ranges from 0 to 6; 

e ranges from 1 to 6; 
20 n ranges from 0 to 6; 

y is 0 or I; and 
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x is 0 or 1 . 



23. A compound of claim 24, wherien. the host/guest is selected from the 
group of adaraantyt, naphthvi, cholesterol, cyclodextrin, and mixtures thereof, 



24. A compound of the formula: 



PES},- 







Functional 






Group 



y q 



wherein 

J is -NH-, -C(«0)NH-(CH 2 V». -»C^OMCH 3 Xr, -CH 2 SS-, -C(*O)0- 
10 ^CH 2 ^P(=OXO-(CH 2 VY)0, 



PEG 

I 



V 



h ( Sf o 



I i 



a peptide or polypeptide residue, or 
15 -NHKC=0}-CH(R ! )-NH-(C===0)-CH(R 5 )-Nlls 
Y is an additional 50 ! maiity; 

R< is -(CH,} r CO.H, an ester or salt thereof; or -(CH^-CQNH,; 
PEG is .0(CHjCHjO} ? - 5 where z varies from 2 to 500; 
L Is H, -NHj, -NH-(C-0}-(CHjX.-(C-0)-CH r , - S(-0) r HOCH r , -SS-, - 
20 C(=0)0- or a carbohydrate residue; 
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a is 0 or 1 ; 

b isOorl; 

d ranges from 0 to 6; 

e ranges from 1 to 6; 

5 n ranges from 0 to 6; 

q ranges from I to 5; 

xv ranges from I to 5; 

y is 0 or 1 ; 

■ x is 0 or 1 ; attd 

1.0 z ranges from I to 5. 

25. A compound of claim 24, wherien the host/guest is selected from the 
group ofadamantyl, naphthyl cholesterol, cyelodextrin, and mixtures thereof. 

15 26. A composition compri sing a particulate composite of a cyelodextrin 
containing polymer and a therapeutic agent and an incl usion complex of said 
cyelodextrin polymer and a completing agent comprising an inclusion guest is a 
compund of cl aim 23 or 25, 

20 %% A composition of claim 26, wherein said therapeutic agent i s selected from 
the group consisting of an antibiot ic, a steroid, a polynucleotide, small molecule 
pharmaceutical a vimse, a plasmid, a peptide, a peptide fragment, a chelating 
agent, a biologically active macromolecule, and mixtures thereof. 

25 28. A composition of claim 27, wherein said therapeutic agent is a 
polynucleotide. 
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1/31 

STRUCTURES OF VARIOUS ADAMANTANE-PEG MOLECULES. 
H 



o o 



Ad-PEG 34{ 5Q-LAC 
H 




Ad-PEG 500 o 



0 

hn JLq — P£G 5000 



H 



PEG 5000 



Ad-(PEG 5000 } 2 

F/a 1 
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UPTAKE OF GALA-Ad AND GALA MODIFIED 
POLVPLEXES BY BHK-21 CELLS. 




UNTRANSFECTED BHK-21 CELLS 



FIG. 4A 



1G 1 10 2 10 3 10 4 



BHK-21 CELLS TRANSFECTED 
WITH pCDP6/FiTC~QL!G0 AT 5*/- 

FIG. 4B 




BHK-21 CELLS TRANSFECTED BHK-21 CELLS TRANSFECTED 

WITH BCDP6/RTC-OUGO/5Q % GALA WITH 8CDP6/FITC-OLIGO/50 % GALA-AD 

FIG. 4C FIG. 4D 



FIG. 4 
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UPTAKE OF GALA-Ad AND GALA MODIFIED 
POLY FLEXES BY HUH-7 CELLS 




UNTRANSFECTED HUH-7 CELLS 

FIG. 5A 



HUH-7 TRANSFECTED WITH 
CDP8/FSTC-OLIGO AT 5*1- 

FIG. 5B 




HUH-7 TRANSFECTED WITH 
BCDP6/FITC-OLIGO/ 50 % GALA-Ad 

FIG. 5C 



FIG. 5 
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CO-DELIVERY OF |3CDP6 POLYPLEXES WITH PEG 3400 -FITC. 




UNTRANSFECTEO HUH-? 

FIG. 11 A 




HUH-7 TRANSFECTEO WITH 
(OliGO + FREE PEG^qq-FITC 

FIG. 11B 



10° 10 1 102 10 3 104 
FITO 




RTC 



HUH-7 TRANSFECTED WITH 
|JCDP8/Ol!GO/Ad-PEG3 400 -FiTC 

FIG. 11C 



FIG, 11 
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